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Non-communicable diseases (NCDs) are the leading cause of death worldwide. More than 80% of 
deaths from cardiovascular diseases (CVD) and diabetes occur in low- and middle-income countries 
(LMICs). Identifying and understanding the distribution of risk factors is key to developing effective 
population intervention programs to prevent NCDs. These preventive strategies should start in youth. In 
Ecuador diabetes mellitus, hypertension, stroke, ischemic heart disease and heart failure rank high on a 
list of the ten leading causes of death in the general population. Furthermore, overweight and obesity 
are prevalent risk factors among adolescents.  
This thesis aims to: (i) explore the distribution of CVD risk factors with a major focus on diet among 
adolescents living in urban and rural settings from different socio-economic backgrounds, (ii) analyze 
the effect on dietary intake, body mass index (BMI), waist circumference and blood pressure of a school-
based health promotion intervention, (iii) describe the process evaluation (PE) of the school-based health 
promotion intervention and, (iv) link the PE data with the intervention effect. To accomplish these 
objectives, two main activities were performed.  
A cross-sectional survey among 779 adolescents 10-16 years old from an urban and rural area in Ecuador 
was performed. The research aimed to identify the prevalence of metabolic CVD risk factors and the 
dietary intake of the target group. Dyslipidemia, abdominal obesity, high blood cholesterol and 
overweight were the most prevalent risk factors. The diet of this group of adolescents was carbohydrate 
based, rich in refined cereals, added sugar and processed foods consumed mainly in snacks. 
Consumption of fruit, vegetables, fish and oilseeds were very low. An estimated 18% of the adolescents 
reported skipping breakfast. Differences in dietary intake between urban and rural adolescents were 
small. Diets high in refined carbohydrates were associated with higher plasma glucose levels, while 
diets with high fat and low fiber content were correlated with increased levels of low density lipoprotein 
(LDL) and total blood cholesterol concentrations. 
The cross-sectional data was combined with theoretical approaches to design a culturally appropriate 
evidence and theory-based health promotion intervention. A pair matched cluster randomized controlled 
trial was implemented among 1430 adolescents attending 20 schools in Cuenca-Ecuador during 28 
months from 2009-2012, 10 schools were allocated to the intervention group and the remaining ten to 
the control group. The program aimed to improve dietary intake, physical activity, sedentary behavior 
and physical fitness (primary outcomes) and reduce BMI, waist circumference and blood pressure 
(secondary outcomes). The intervention strategies combined the implementation of an individual 
classroom-based component with an environment-based component along the ten intervention schools. 
The individual-based component involved the implementation of an educational tool-kit, whilst, the 
environment-based component consisted in the delivery of educational workshops for parents and food-




also conducted. At the end of the intervention, data from 1079 adolescents from the 20 schools originally 
contacted was available for analysis. The program effectively increased fruit and vegetable intake and 
decreased added sugar and processed food intake during snacks. The intervention was also effective in 
decreasing waist circumference and blood pressure in favor of the intervention group. The effect on 
dietary intake was not moderated by the socioeconomic status or the weight or the age of the participants. 
However, the effect on waist circumference was higher among younger and overweight-obese 
adolescents.  
The program was correctly implemented and well received by the target audiences i.e. adolescents, 
teachers, parents and food-tuck shop staff. Dose, reach and fidelity were high with the exception of 
parental reach (only 15%). Barriers for program implementation were the difficulty to attach the 
program to the school curriculum, the low parental reach and, the resistance to a decrease in portion size 
served in the food-tuck shops.  
Although still below the nutritional recommendations, the combined effect of the intervention on several 
individual risk factors is encouraging and promising. It suggests that school-based interventions can 
address various risk factors simultaneously in adolescents from LMICs. This thesis provides new 











Niet-overdraagbare ziekten vormen wereldwijd de belangrijkste doodsoorzaak. Meer dan 80% van de 
overlijdens ten gevolge van hart- en vaatziekten en diabetes komen voor in de lage en 
middeninkomenslanden. Om efficiënte interventies te ontwikkelen ter preventie van de niet-
overdraagbare ziekten is het van primordiaal belang om de verspreiding van de risicofactoren te 
identificeren en te begrijpen. Deze preventie zou op jonge leeftijd moeten starten, in het bijzonder vanaf 
de adolescentie. In Ecuador behoren diabetes mellitus, hypertensie, cerebro-vasculair aandoeningen, 
ischemische hartklachten en hartfalen tot de tien belangrijkste doodsoorzaken. Verder zijn 
zwaarlijvigheid en obesitas overheersende risicofactoren bij adolescenten.  
Dit proefschrift stelt de volgende doelstellingen voorop:  
i. Verkennen van de verspreiding van de risicofactoren voor hart- en vaatziekten en van het 
voedselconsumptiepatroon bij adolescenten in een stedelijke en landelijke omgeving met 
verschillende sociaaleconomische achtergronden.  
ii. Analyseren van het effect van een gezondheidsbevorderende interventie in scholen op het 
voedselconsumptiepatroon, de Body Mass Index, de bloeddruk en de omtrek van de taille.  
iii. Beschrijven van het uitvoering en het process van de gezondheidsbevorderende interventie in 
scholen. 
Om die doelstellingen te halen, werden twee studies uitgevoerd. 
Er werd een beschrijvend  onderzoek uitgevoerd bij 779 adolescenten, tussen 10 en 16 jaar oud, uit een 
stedelijke en een landelijke regio in Ecuador. Het onderzoek had tot doel de overheersende CVD-
risicofactoren en het voedselconsumptiepatroon van de doelgroep in kaart te brengen. De meest 
overheersende risicofactoren waren dyslipidemie, abdominale obesitas, hypercholesterolemie en 
zwaarlijvigheid. De voedselconsumptie van de groep adolescenten was gebaseerd op koolhydraten, rijk 
aan geraffineerde granen, toegevoegde suikers en voorbewerkte voedingsmiddelen in de vorm van 
tussendoortje. De consumptie van fruit, groenten, vis en oliezaad lag erg laag. Ongeveer 18% van de 
adolescenten gaf aan geen ontbijt te nemen. De verschillen in de voedselconsumptie tussen adolescenten 
uit de stad en het platteland waren klein. De inname  van veel geraffineerde koolhydraten werden 
geassocieerd met hogere glucosegehaltes in het plasma; veel vet en weinig vezels met een hogere waarde 
lipoproteïnen met lage dichtheid en de totale hoeveelheid cholesterol in het bloed.  
De informatie uit de beschrijvende studie werd gebruikt om een theoretisch onderbouwde interventie te 
ontwikkelen om de gezondheid van adolescenten te bevorderen. Deze laatste was  gebaseerd op 
wetenschappelijk bewijs en aangepast aan de plaatselijke cultuur. Een “pair matched cluster 




20 scholen in Cuenca (Ecuador) tussen 2009 en 2012. Tien scholen vormden de interventiegroep en de 
resterende scholen vormden de controlegroep. 
De interventie had volgende doelstellingen: het verbeteren van het voedselinname, de 
lichaamsbeweging, het sedentair gedrag, en de lichamelijke conditie (primaire resultaten) en het 
verminderen van de BMI, de taille-omtrek en de bloeddruk (secundaire resultaten). 
De interventie in de tien deelnemende scholen bestonden uit een individuele component in klasverband 
en een omgeving gebonden component. De individuele component bestond uit de implementatie van 
een educatieve toolkit, terwijl de omgevingscomponent bestond uit het houden van educatieve 
workshops met de ouders en het personeel van lokale voedingswinkels. In de scholen van de 
controlegroep werd het normale standaard leerplan gevolgd. Er werd eveneens een gedetailleerde 
procesevaluatie uitgevoerd. De gegevens van 1079 adolescenten uit de 20 oorspronkelijk gecontacteerde 
scholen konden worden geanalyseerd. Door de interventie steeg de consumptie van fruit en groenten en 
daalde de consumptie van toegevoegde suikers en voorbewerkte voedingsmiddelen. De interventie bleek 
ook doeltreffend voor de daling van de taille-omtrek en de bloeddruk bij de interventiegroep. Het effect 
op het voedselconsumptiepatroon werd niet beïnvloed door de sociaaleconomische status, gewicht of 
leeftijd van de deelnemers. Het effect op de taille-omtrek was echter groter bij jonge adolescenten en 
zwaarlijvige en obese adolescenten.  
Het programma werd correct geïmplementeerd en werd goed ontvangen door het doelpubliek, in het 
bijzonder adolescenten, leerkrachten, ouders en personeel van lokale voedingswinkels. Dosis, bereik en 
betrouwbaarheid van de interventie lagen hoog, met uitzondering van het bereik van de ouders (slechts 
15%). Barrières voor het uitvoeren van het programma waren de moeilijkheid om het programma te 
koppelen aan het schoolcurriculum, het lage bereik van de ouders en de weerstand om de porties die 
geserveerd werden in de lokale voedingswinkels te verkleinen. 
Het gecombineerde effect van de interventie op verschillende individuele risicofactoren is bemoedigend 
en beloftevol, maar ligt nog steeds onder de voedingsaanbevelingen. Het resultaat toont aan dat 
interventies in scholen verscheidene risicofactoren gelijktijdig kan aanpakken bij adolescenten uit lage 
en middeninkomenslanden. Dit proefschrift levert nieuw bewijs voor de preventie van niet-





Las enfermedades crónicas no transmisibles son la principal causa de muerte a nivel mundial. Más de 
80% de las muertes secundarias a enfermedades cardiovasculares y diabetes ocurrieron en países de 
ingresos medios y bajos. Identificar y comprender la distribución de los más importantes factores de 
riesgo asociados con este problema de salud es crucial para el desarrollo de intervenciones efectivas en 
contra de las enfermedades crónicas no transmisibles en la población. Estas estrategias preventivas 
deben empezar durante la juventud. En el Ecuador, diabetes mellitus, hipertensión, eventos 
cerebrovasculares, enfermedad isquémica del corazón e insuficiencia cardiaca figuran entre las 10 
primeras causas de muerte en la población general. Además el sobrepeso y la obesidad son prevalentes 
entre los adolescentes. 
Los objetivos de este trabajo de tesis son: (i) investigar la distribución de factores de riesgo para 
enfermedades cardiovasculares con atención especial en la dieta en un grupo de adolescentes del área 
urbanas y rural con diferentes niveles socio-económicos, (ii) analizar el efecto de un programa escolar 
de promoción de salud en la dieta, el índice de masa corporal, el tamaño de la cintura y la presión arterial, 
(iii) evaluar el proceso de implementación del programa escolar de promoción de salud, y, (iv) relacionar 
los datos del proceso de implementación con el efecto de la intervención. Para cumplir con estos 
objetivos se llevaron a cabo dos actividades. 
Un estudio de corte transversal entre 779 adolescentes con edades comprendidas entre los 10 y los 16 
años de un área urbana y un área rural del Ecuador. Esta investigación se llevó a cabo para identificar la 
prevalencia de factores de riesgo metabólicos para enfermedades cardiovasculares y caracterizar la dieta 
de la población de estudio. Dislipidemia, obesidad abdominal, y sobrepeso estuvieron entre los factores 
de riesgo más prevalentes. La dieta de este grupo de adolescentes fue rica en carbohidratos, cereales 
refinados, azúcares añadidos y alimentos procesados consumidos como refrigerios. El consumo de 
frutas, verduras, pescado y semillas oleaginosas fue muy escaso. Además, alrededor del 18% de los 
participantes reportaron no desayunar. Diferencias en la dieta entre adolescentes urbanos y rurales 
fueron escasas. Dietas ricas en cereales refinados estuvieron asociadas con mayores niveles sanguíneos 
de glucosa, así como dietas ricas en grasa y pobres en fibra estuvieron asociadas con incrementos en 
lipoproteína de baja densidad y colesterol total. 
La información del estudio de corte transversal se usó en combinación con enfoques teoréticos para 
diseñar una intervención en promoción de salud culturalmente apropiada. Un ensayo aleatorio 
controlado por clústeres pareados se implementó entre 1430 adolescentes de 20 colegios de la ciudad de 
Cuenca-Ecuador entre los años 2009-2012. Diez colegios fueron asignados al grupo intervención y los 
10 restantes al grupo control. El programa buscó mejorar los patrones dietarios, la actividad física, los 
niveles de sedentarismo y la condición física (resultados primarios) así como el índice de masa corporal, 




implementación de un componente individual y un componente del entorno. El componente individual 
consistió en la aplicación de un kit educativo mientras que el componente del entronó incluyó talleres 
de alimentación saludable con padres de familia y propietarios de los bares escolares. En los colegios 
de control únicamente se siguió el currículo escolar estándar. Al final de la intervención se dispuso de 
datos de 1079 adolescentes de los 20 colegios originalmente contactados. El programa resultó efectivo 
en mejorar el consumo de frutas y verduras, disminuir el consumo de azúcares añadidos y alimentos 
procesados durante los refrigerios, disminuir el tamaño de la cintura y los niveles de presión arterial en 
favor del grupo de intervención. El efecto en la dieta fue independiente del nivel socio-económico, el 
índice de masa corporal y la edad de los participantes. Sin embargo el efecto en la cintura fue mayor en 
adolescentes más jóvenes así como en aquellos diagnosticados con sobrepeso u obesidad. 
El programa se implementó correctamente y fue bien recibido por los involucrados (adolescentes, 
profesores, padres y trabajadores de los bares escolares). Dosis, cobertura y fidelidad del programa 
fueron altos con excepción de la cobertura de padres (solo del 15%). Entre las barreras para la 
implementación del programa figuraron la dificultad de incluir la intervención en el programa curricular, 
la baja respuesta de padres, y la resistencia por parte de los trabajadores de los bares escolares para 
modificar los tamaños de porción de sus platos  
Aunque los efectos conseguidos son aún inferiores a las recomendaciones, el efecto combinado sobre 
varios factores de riesgo es prometedor y motivante. Esto sugiere que intervenciones escolares pueden 
atacar varios factores de riesgo en adolescentes de países con ingresos medios o bajos. Esta tesis provee 
nueva evidencia para la prevención de las enfermedades crónicas no transmisibles en los adolescentes 
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1.1 The global burden of non-communicable diseases 
NCDs are the leading cause of death and account for 63% of deaths worldwide (1). Around 27 million 
out of 36 million deaths secondary to NCDs occurred in LMICs in 2010. Among NCDs, CVD, cancer, 
chronic respiratory disease and diabetes are the primary causes of death (2). CVD includes angina, 
myocardial infarction, transient cerebral ischemic attacks and strokes (3). These diseases alone represent 
the major causes of death being responsible of 48% of the deaths secondary to NCDs worldwide (1). 
Available data demonstrates that more than 80% of the deaths secondary to CVD and diabetes occurred 
in LMICs (1) and NCDs deaths rates in LMICs occur at younger ages in comparison with the same 
populations from high-income countries (HICs) (4).  
1.1.1 NCDs risk factors  
CVD, cancer and diabetes share some common risk factors (3). Several of these risk factors are 
potentially modifiable and comprise environmental and behavioral determinants (5). Unhealthy diet and 
low physical activity are among the most important behavioral risk factors (1, 5), while an inadequate 
built environment constitutes an important environmental determinant (5). As a consequence some 
metabolic or physiological CVD risk factors will appear such as high blood pressure, increased BMI, 
high plasma glucose, dyslipidemia and increased waist circumference (1, 6). Unhealthy diet and low 
physical activity are a priority as they are independent determinants of heart attacks, stroke and cancers 
(5). Other risk factors such as low cardiorespiratory fitness and sedentary behavior are also important 
for the development of NCDs (7-10).  
Worldwide, from 1990 to 2010 risk has shifted from communicable diseases to the NCDs described 
previously (11). This might be because risk factors for communicable disease (i.e. childhood 
underweight, micronutrient deficiencies and inadequate water sanitation) have fallen globally over the 
past/recent decade. In their place, high blood pressure, high BMI and diets low in fruits were among the 
main disease burden risk factors in 2010 (11). However, communicable diseases still represent a health 
problem in LMICs (2), and NCDs are on the rise leading to a double burden. This double burden affects 
the already weak economy of LMICs by increasing health system expenditures and decreasing labor 
units (4).  
Socioeconomic conditions also play an important role in the risk of NCDs, with the most disadvantaged 
populations at higher risk (4, 12). Currently, there is lack of information on the distribution of risk factors 
for NCDs with regard to socioeconomic status in LMICs (13). Identifying and understanding the 
distribution of risk factors is key to developing effective population intervention programs that aim to 
prevent NCDs burden (14, 15). 
Although NCDs are responsible of premature deaths in adults (12, 16), adolescent groups also suffer a 
large burden of NCDs risk factors (17). The prevalence of overweight and obesity have increased 
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worldwide (18, 19). In addition, a large body of evidence has documented high prevalence of several 
risk factors for CVD and other NCDs during adolescence such as abdominal obesity (20), dyslipidemia 
(21, 22), high blood pressure (23), low fruit and vegetable intake (24) and low physical activity (25). 
Currently sexual and reproductive health are the main target in adolescents health research (17) and little 
has been done to improve the understanding of NCDs risk factors and its consequences later in life (26-
28). Available data suggests that the occurrence of NCDs risk factors at this age period may not 
immediately affect adolescent health but can have a negative impact on the health of future generations 
(29). Several studies have indicated that the atherosclerotic process start in childhood and adolescence 
but its clinical consequences will occur several years later. Besides the coexistence of various risk factors 
during this sensitive period has been associated with a greater severity of atherosclerotic lesions (30). 
For example low intake of fruit and vegetables during childhood and adolescence has been correlated 
with arterial stiffness in young adulthood and the coexistence of various risk factors such as high BMI, 
dyslipidemia and high blood pressure. All of these factors have been associated with greater 
atherosclerotic defects (30). The importance of promoting lifestyle changes among children and 
adolescents is a matter of immediate concern (31). 
Evidence shows some behavioral risk factors such as unhealthy dietary intake and sedentary behavior 
increases from childhood to adolescence (32). This trajectory is the consequence of various factors such 
as increased autonomy and independence, the change from primary to secondary school and a larger 
influence of peer pressure and social media (33). The presence of these risk factors at this age period is 
associated with some metabolic risk factors such as abdominal obesity, abnormal blood lipid profile and 
increased glucose plasma levels (34).  
1.1.2 NCDs in Latin America 
The situation of NCDs in Latin American countries is similar to other LMICs. Recent data demonstrates 
the coexistence of overweight and obesity with under nutrition at household and individual level among 
nine Latin American countries (35). As for LMICs, NCDs are the leading cause of death in the general 
population; diabetes deaths will increase with 50% and more than 50% of males and 60% of females 
will be overweight or obese by 2030 (36). NCDs start affecting poor populations and will become 
diseases of the lower socioeconomic strata. This shift of NCDs from high to low socioeconomic groups 
tends to affect the urban areas first (36).  
Increased BMI is responsible of 10% of the general disease burden and together with high blood pressure 
are the most predominant risk factors conductive to NCDs in Latin America (11). Specifically in Andean 
Latin America, high blood pressure, high BMI, high fasting glucose and diets low in fruits are within 
the ten leading causes of death in the general population (11). This concurs with the concomitant aging 
population, urbanization and money spending on television devices, cars and processed foods (36).  
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Data on adolescents’ health is substantially unavailable in the Andean Latin America (17). The existing 
data from other Latin American regions indicates that risk factors for NCDs have substituted risk factors 
for communicable diseases in children (11). The adolescent population fraction constitutes the greater 
demographic group among Latin American countries, a tendency predominant among LMICs as the 
result of the decrement in communicable diseases (26). Overweight and obesity among Latin American 
adolescents ranges from 16.6% to 35.8% (19). The proportion of overweight and obese Latin American 
children is among the highest in comparison with other LMICs areas. (37) probably as a consequence 
of a higher consumption of processed food and socioeconomic differences (19). Besides, several reports 
have documented high prevalence of other NCDs risk factors such as abdominal obesity, dyslipidemia 
and high blood pressure (20, 22, 23).  
1.1.3 NCDs in Ecuador 
Ecuador is a good example of population shift from communicable diseases into NCDs. Diabetes 
mellitus, hypertension, stroke, ischemic heart disease and heart failure are within the ten leading causes 
of death, concurrently pneumonia is considered the third cause (38). Furthermore, 13.1% of the 
households have both an overweight or obese mother and a child under-five years who is stunted (39). 
Overweight and obesity is prevalent among 62.8% of the adults (19-60 years old). 
Recent data documented that around 26% of the Ecuadorian adolescents aged 12-14 years old are 
overweight or obese. Overweight prevalence is higher among wealthier populations. Abdominal obesity, 
low levels of HDL and sedentary behavior have been recently documented among the Ecuadorian 
children and adolescents (40). 
1.2  Actions against NCDs in adolescents 
1.2.1 Actions against NCDs in adolescents worldwide 
Prevention is a central strategy to avert the enormous burden of NCDs among LMICs. Although young 
children also suffer the burden of NCDs risk factors, adolescence is a crucial period for the 
implementation of preventive strategies as this age group: (i) suffers a large burden of NCDs (19-21, 
23), (ii) undergoes a crucial stage in life course due to the significant influence of family, peers, schools 
and community (27), (iii) experiences substantial physiological and psychological changes, (iv)  adopts 
lifestyles that follow them into adulthood (27), (vi) modifies their dietary intake and physical activity 
habits more than in any other life span period (41), and, (vii) constitutes the largest population in this 
age group in world history (26). Furthermore, there is an unfortunate lack of information regarding the 
health environment in which adolescents live an grow among LMICs (42).  
A comprehensive analysis of the cost-effectiveness of interventions to tackle NCDs concluded that 
taxation, regulation and education about healthy diet and physical activity are the preferred strategies 
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(5). Schools are popular and ideal settings to implement health promotion interventions aiming at obesity 
prevention and/or improvement of dietary and physical activity in children and adolescents. Literature 
shows that obesity prevention should include multiple settings such as home, school and community 
(4). The available evidence indicates a limited effect of behavioral school-based health promotion 
interventions highlighting the importance to combine this approach with boarder strategies that include 
several environments. However, without the implementation of robust school-based policies and 
programs aiming at improving dietary intake and physical activity, obesity prevalence rates are expected 
to keep rising (43). Therefore, programs aiming at improvements in the school environment and 
strengthening connections between young people, parents and the school are crucial for improving 
health outcomes during this age period (27, 43-45). Furthermore, schools offer the opportunity to target 
the environmental and individual determinants of dietary and physical activity behavior (44), as children 
spend most of the time outside home at school, an important fraction of the daily out of home energy 
intake is obtained at school (46) and a successful education system relies on their students health (43).  
Systematic reviews of school-based interventions targeting healthy eating and physical activity indicate 
that the inclusion of educational and environmental components (44), the involvement of parents, and 
long term interventions yields positive results in obesity prevention (47). Yet, the majority and higher 
quality studies in the research area originate from HICs (45) 
1.2.2 Actions against NCDs in Latin American children and adolescents 
Currently, all Latin American countries have programs to tackle stunting among young children with 
cash transfers and food distribution programs, but most of the countries are just starting to take their first 
steps in NCDs and obesity prevention (35, 48, 49). Worryingly, little is done at national level to prevent 
adolescents’ excess weight (19) and there is even some evidence that the programs aiming to tackle 
under nutrition may be contributing to the obesity epidemic (35). The policies implemented in the Latin 
America region include regulation of the food served at schools, educational programs or food labeling, 
but there is limited evidence of the effectiveness and implementation of the running policies (49). 
Some school-based interventions targeting healthy eating or physical activity have been implemented in 
a number of Latina American countries such as Chile, Mexico and Brazil (50). The majority of the 
programs included nutrition education and/or extra physical education sessions. Only few programs 
addressed the environment or included parents. Unfortunately, such approaches have not been 
performed in the Andean Latin American region. The available reports show important deficiencies. 
The programs are usually short term, target small at risk populations (51), show deficiencies in their 
designs and evaluations (45, 49, 51) or do not document the implementation process (45).   
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1.2.3 Actions against NCDs in Ecuadorian children and adolescents  
Among the strategies to tackle NCDs in Ecuadorian children and adolescents, the National Ministry of 
Public Health is providing guidelines for children and adolescents’ primary and secondary health care 
for public health centers. Guidelines to promote healthy eating and breastfeeding are distributed among 
the primary health workers (52). For adolescents, a guideline with nutritional counseling instructions is 
available for primary health care providers in the public sector. The guideline contains instructions to 
(i) monitor and report the weight status, nutrition quality, sedentary behavior and familiar background 
in adolescents attending the primary health care units, (ii) perform workshops with healthy weight 
adolescents diagnosed with at least three NCDs risk factors, and (iii) treat and prevent complications 
among overweight and obese children and adolescents. All this strategies are applicable only among 
adolescents and their parents/guardians that attend voluntarily public primary health care units (52). In 
parallel, a national regulation for food-tuck shops operating in public and private schools was passed 
(53). Food-tuck shops are private small shops that function independently from the school. They are 
regulated and selected in an open contest by the Ministries of Health and Education. The regulation 
comprises specifications about infrastructure, food safety and food quality. The food quality regulates 
the maximum levels of total fat, sugar and salt for pre-packed processed foods (See Table 23 for details). 
For recipes prepared in the food-tuck shops, local traditional recipes are encouraged (53) and 
recommended to contain a maximum energy content of 410 kcal per served portion. Other policies or 
actions targeting schools are currently unavailable.    
1.3 Research area 
1.3.1 Socio-demographic characteristics 
Ecuador is a Latin American country located in northwestern South America. It is bordered by Peru in 
the south and east, by Colombia in the North and the Pacific Ocean in the west. The main language is 
Spanish. Ecuador’s land area is 256.370 km2 with four geographic regions: (i) the coast (Pacific 
coastline), (ii) the highlands (Andean mountains), (iii) the Amazon rainforest located in the eastern part, 
and (iv) the Galápagos Islands. The country is divided in 24 provinces spread over the geographic 
regions (Figure 1). Ecuador is an upper middle-income country (54) with 15.7 million inhabitants (55). 
Life expectancy was 74.4 years in men and 79.8 years in women in 2010 (56). An estimated 67% of the 
population lives in urban areas (57), adolescents represent 20% of the total population. The distribution 
of ethnic groups is 71.9% “mestizos”, 7.4% “montubios”, 7.2% afro-Ecuadorians, 7% indigenous, 6.1% 
white and 0.4% other minor ethnic groups (57).  
The research was conducted in school-going adolescents from Cuenca and Nabón, both located in the 
Azuay province at the southern Andean highlands (Figure 1). Cuenca, at 2350m above sea level has 
505 585 inhabitants and constitutes the third largest city in the country (58, 59). In Cuenca 38.2% of the 
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inhabitants are poor (60), of which 4.9% illiterate, 1% indigenous and 65% of the total population live 
within the urban boundaries of the city (57). Nabón is located 68 km from Cuenca at 3000 m above sea 
level has 15 892 inhabitants (59, 61). It is one of the poorest cantons with the largest indigenous 
population in the province (87.8% inhabitants are poor, 19% are illiterate and 32% are indigenous) (62) 
and only 7% of the total population live within an urban area.  
Figure 1 Location of the research area of Cuenca and Nabón in Ecuador 
 
1.3.2 The Ecuadorian school system 
At the time of the study, the Ecuadorian school system comprised three levels: elementary school (3-5 
year old children), primary school (1st-7th grade; 6-11 year old children), and high school (8th to 10th 
grade and 1st-3rd bachelor; 12-17 year old adolescents). In Cuenca, there are both private and public 
schools with contact hours either in the morning (7am-1pm) or in the afternoon (12am-6pm). In Nabón 
there are only public schools, all with contact hours during the morning. All the public schools are for 
free and the private schools charge a monthly fee regulated by the Ministry of Education in each 
particular case. In both areas, schools have a break of approximately 30 minutes. A school year in the 
Ecuadorian Andean highlands runs from September to June. Most (73%) adolescents between 12 and 
17 years of age regularly attend high school in Cuenca, while 58% do so in Nabón (15). All schools 
must follow a standard curriculum and use books provided by the government. 
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1.4 Program framework 
This PhD targets risk factors for the development of NCDs with a main focus on metabolic CVD risk 
factors and particularly on dietary intake. The research was conducted in the framework of the “Food 
Nutrition and Health Program”, in the context of the cooperation between the University of Cuenca, 
Ecuador and the Ghent University, Belgium. The program aimed at improving dietary intake and 
physical activity patterns among a group of Ecuadorian adolescents in the context of nutrition transition. 
Dietary intake and physical activity were chosen based on literature, previous unpublished studies and 
the experience of the research team. With this purpose, the program designed and implemented a 
culturally appropriate multi-component school-based health promotion intervention. The intervention 
followed a systematic approach and was organized in three steps: (i) the needs assessment, (ii) the design 
and implementation of the intervention and (iii) the evaluation of the intervention. This section describes 
the methodology of the full “Food Nutrition and Health Program” (Figure 2). Figure 5 illustrates the 
components of the program that will be addressed in the present document. The program is funded by 
the VLIR (UOS) http://www.vliruos.be/ and by Nutrition Third World http://www.nutrition-ntw.org/. 
Figure 2 Framework of the “Food Nutrition and Health Program” 
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1.4.1 The needs assessment  
Complex interventions in public health should be adapted to the local context and use the best evidence 
available (63). Moreover, a wide understanding of the process of behavior change (63) as well as a clear 
definition of the health problem and its associated determinants are highly recommended (64). Since 
information for Ecuadorian adolescents was unavailable, an updated screening of CVD risk factors and 
influential factors among adolescents in the research context was performed. Cross-sectional data 
collection (65-67), focus groups discussions with adolescents, parents, and school staff from Cuenca 
and Nabón (68, 69), and a systematic review of the school-based interventions implemented in LMICs 
were performed (45). This section summarizes the needs assessment activities and provides an overview 
of the main results used to design the school-based health promotion intervention. 
1.4.1.1 Cross-sectional data. Description of the health problem. CVD risk factors among 
adolescents from Cuenca and Nabón (Chapter 2) 
 
A cross-sectional study was conducted from January 2008 until April 2009 among 779 adolescents 
attending 8th, 9th and 10th grade in an urban area (Cuenca) and a rural area (Nabón). A two stage cluster 
random sample of 606 adolescents was taken from Cuenca, while in Nabón all the school-going 
adolescents from the four schools willing to participate were included (n = 173). A subgroup of 334 
adolescents volunteered from both rural and urban area for blood sample determinations. Data collection 
included anthropometry (height, weight and waist circumference), blood pressure, dietary intake by 
means of two 24 hour recalls one during a week-day and a second one during a weekend-day randomly 
selected, physical fitness by using the full EUROFIT battery (70), socio-demographic characteristics 
measured by Unsatisfied Basic Needs (UBN) (71) and blood lipid determinations in the subsample 
(blood glucose, total cholesterol, LDL cholesterol, HDL cholesterol and triglycerides). This study was 
approved by both the Ecuadorian (COBI 2008/FWA00002482) and Belgian Ethics Committees (Nr 
2008/462). An extra protocol for biochemical determinations was approved by the Ghent University 
Hospital Ethics Committee (Nr 2008100-97). This study provides detailed information of the (i) 
prevalence of metabolic CVD risk factors, (ii) dietary intake and fitness condition of adolescents in the 
research area, (iii) differences in metabolic risk factors, dietary intake and physical fitness by place of 
residence (Cuenca vs. Nabón) and UBN of the participants (poor vs. better-off) and, (iv) associations 
between dietary intake and fitness condition with metabolic CVD risk factors. 
1.4.1.2 Focus groups. Identification of Individual and environmental factors influencing dietary 
intake and physical activity (Conceptual framework) 
Intervention studies incorporating theoretical frameworks to address population-specific individual and 
environmental influences on dietary and physical activity behavior are required (72). Twenty focus 
groups (N=144 participants) were conducted from April to September 2008, 12 with adolescents aged 
11–15 years old, four with parents and four with school staff to develop a conceptual framework for 
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health promotion interventions aiming to change dietary intake and/or physical activity in Ecuadorian 
adolescents. The discussions were performed in a convenient sample of three schools in Cuenca and two 
in Nabón. In Cuenca, schools were categorized into low, middle, and high socio-economic based on the 
type of school (public/private) and school fees (monthly fee in $), there were only schools of low socio-
economic level in Nabón. To better understand the individual and environmental factors influencing 
Ecuadorian adolescents’ dietary and physical activity behavior, we used a theoretical framework to 
conceptualize and analyze the findings. To ensure the cultural appropriateness of this framework, the 
socio-cognitive variables from the ‘Attitude, Social influences and Self-efficacy’ model (73) were 
nestled within the socio-cultural and physical context of adolescents’ environment as elaborated by the 
socio-ecological model (74). Findings from the focus groups were grouped into individual and 
environmental factors influencing eating and physical activity behavior. The ‘Attitude, Social influences 
and Self-efficacy’ model suggests that behavior change can be explained by three factors, attitudes, 
social influence and self-efficacy. Additionally, some barriers and lack of skills can limit the behavior 
change. As the target behaviors are also influenced by the environment the ASE-model was combined 
with the socio-ecological model that considers that behavior can be influenced by the intrapersonal, 
interpersonal, organizational, community, and societal environment (75). As a result the identified 
cultural specific factors were used to generate a conceptual framework for developing health promotion 
interventions in Ecuador (68). The generated conceptual frameworks for dietary intake and physical 
activity are provided in Appendixes 1 and 2.  
1.4.1.3 Systematic review of the school-based interventions targeting dietary intake or physical 
activity for the prevention of obesity 
As a summary of the effectiveness of school-based interventions from LMICs targeting dietary intake 
and/or physical activity behaviors was unavailable, we performed a systematic review of the effects of 
school-based interventions in LMICs aimed at the primary prevention of obesity through changes in 
dietary behavior, physical activity behavior, or both in children and adolescents 6–18 y of age. The 
review aimed at identifying effective pathways that alter behavior and/or BMI in school children in 
LMICs (45) as well as the weak points of the already implemented strategies.  
1.4.1.4 Summary of the results of the needs assessment used to design the intervention 
Figure 3 summarizes the main findings of the needs assessment used to design the school-based 
intervention. Briefly, the cross-sectional data showed that overweight/obesity, abdominal obesity, high 
blood pressure and dyslipidemia were prevalent in the population (66). Adolescents consumed 
insufficient fiber, fruit and vegetables, and an excess of added sugar, refined cereals and processed foods 
during snacks. Moreover, an important share of the participants reported not to consume breakfast (67) 
and exhibited low levels of aerobic capacity (65). Modest differences in the described risk factors by 
socio-economic status and by place of residence were found. A detailed description of these differences 
is presented in Chapter 2.  
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The conceptual framework identified the following individual and environmental factors influencing 
healthy eating in the research area: lack of knowledge, financial autonomy (greater accessibility to 
pocket money), food safety perceptions, lack of self-control, taste preferences and perceived peer-norms 
were the most relevant individual factors. Environmental factors comprised poor nutritional quality of 
food at school, and lack of time with its associated preparation of convenience food at home (68). With 
regard to physical activity behavior, preference for sedentary activities, poor knowledge, insufficient 
time and laziness were among the individual influential factors, whilst, lack of opportunities to be active 
at home and school unsupportive parents and lack of role models figured within the environmental 
factors (69). As with the cross-sectional data, only few differences in healthy eating and physical activity 
influential factors were found by socio-economic status and place of residence (68, 69). Price and 
availability of healthy food were barriers for healthy eating mainly in the rural area. Financial autonomy 
(pocket money) was found to be an influential factor for healthy eating mainly in the higher socio-
economic strata. Female adolescents were not allowed to perform leisure physical activity in the rural 
area. In addition, crime and traffic concerns were reported in the urban area. Additional analysis 
(structural equation modeling) concluded that the majority of the hypothesized inter-relationships of 
individual and environmental factors were confirmed (76). 
Finally our systematic review of the school-based interventions performed in LMICs concluded that 
similar program characteristics (with HICs) are associated with an increased effect. Multicomponent 
interventions addressing dietary and physical activity behaviors, those including parents or families, 
attached to the school curriculum and supporting changes in the school environment were reported to 
be more effective (45). Nevertheless, high quality theory-based interventions and process evaluation are 
often lacking in LMICs (45).   
1.4.2 The intervention design and implementation  
1.4.2.1 Design of the intervention 
The results of the needs assessment were used to define the intervention objectives and strategies 
assuring appropriateness of the intervention to the target population. The intervention named 
ACTIVITAL was developed using the Intervention Mapping (IM) (77) and the Comprehensive and 
Participatory Planning and Evaluation (CPPE) (78). The IM provided a framework for effective decision 
making in the development, implementation and evaluation of interventions considering the ways to 
guide the behavior change associated with the health problem (77). Meanwhile, with the CPPE, 
workshops are performed to develop a causal model of the health problem (here unhealthy diet and low 
physical activity) and to identify possible intervention strategies according with the perceptions of key 
stakeholders (school staff and adolescents). Figure 4 shows the process used to design the intervention 
by combining both approaches. The idea behind using these two techniques was to adapt the intervention 
objectives and strategies (as described in the IM framework) in order increase acceptability and 
Chapter 1. General Introduction 
13 
 
appropriateness in the target groups. Figure 4 summarizes the main outputs of the causal model after 
the CPPE as well as the steps within the IM in which the CPPE outputs were integrated. In general, the 
transversal themes generated during the causal model together with the results of the needs assessment 
contributed for the identification of the intervention objectives and matrices (Step 2 of the IM). Later 
the possible intervention strategies identified during the CPPE were combined with the IM techniques 
to define the final intervention strategies (Step 3 of the IM). A detailed description of the intervention 
design is provided in a separate thesis (76).  
In summary, the following specific intervention objectives were set: adolescents (i) decrease their sugar 
intake, (ii) increase their daily fruit and vegetable intake, (iii) decrease their unhealthy snack intake, (iv) 
increase their healthy breakfast intake, (v) decrease daily screen time, and (vi) increase physical activity. 
Additionally, schools offer (vii) more healthy food at their food-tuck shops, and, (viii) more 
opportunities for being active. These objectives were translated into performance objectives. The 
performance objectives were listed against the factors influencing dietary intake and physical activity 
behaviors identified in the needs assessment and in the causal model. This procedure generated separate 
matrices of change objectives for adolescents, parents and school staff. Finally, different effective 
theoretical methods for each influential factor in the matrices were identified (i.e. behavioral change 
techniques) from literature (79, 80) to translate change objectives into intervention strategies. These 
strategies were then cross-linked with the results of the CPPE to define the final strategies. Appendix 3 
contains the matrices of the theoretical methods and the related intervention strategies used to tackle 
each influential factor. The generated intervention strategies and activities were then integrated into two 
intervention components: a curriculum-based component and an environment-based component. The 
curriculum-based component consisted of the implementation of a nutrition and physical activity 
educational tool-kit, while the environment-based component comprised healthy eating and physical 
activity educational workshops with parents and healthy eating workshops with food-tuck shop staff, 
the implementation of a walking trail and social events such as the preparation of a healthy breakfast at 
school. 
1.4.2.2 Intervention strategies and components (Chapter 3) 
In the control schools, no additional activities other than the existing national curriculum followed by 
health science school teachers were covered. These included food groups (the food pyramid), physiology 
of nutrition and digestion, nutrients structure and nutritional disorders. These topics were addressed in 
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Cross-sectional data / Description 




Focus groups / Individual and 
environmental factors influencing 
dietary intake and physical activity 
 
Systematic review of school 
interventions targeting dietary 
intake or physical activity for the 
prevention of obesity 
1. Metabolic Risk Factors 
 Overweight (18%) 
 Obesity (2%) 
 Abdominal obesity (20%) 
 Dyslipidemia (34%) 
 High blood pressure (6%) 
2. Dietary intake 
 Insufficient fiber, fruit and 
vegetables  
 Excess of added sugar, 
refined cereals and 
processed foods during 
snacks 
 No breakfast consumption 
(18%) 
3. Physical fitness 
 Low levels of aerobic 
capacity (59%) 
1. Heathy eating 
Individual factors 
 Awareness: association of 
healthy  eating only with food 
safety and home-growth 
 Attitudes: positive 
 Self-efficacy: low 
 Habit strength: strong unhealthy 
habits at high school 
 Subjective norm: embarrassment 
to eat healthy 
 Taste: preference of sweets and 
fatty foods 
 Financial autonomy: pocket 
money in high school 
 Perceived barriers: cost and 
availability 
Environmental factors 
 Family: inconsistent rules, 
modeling, availability and 
permissiveness 
 School: high availability of 
unhealthy food 
 Socio-cultural environment: 
media and higher availability of 
unhealthy food 
1. Effective pathways 
 Target both diet and physical 
activity 
 Involve multiple stakeholders 
 Integrate educational activities 
into the school curriculum. 
2. Weak points 
 Poor design 
 Short follow-up 
 Lack of documentation of the 
implementation process 
2. Physical activity 
Individual factors 
 Awareness: poor knowledge 
 Attitudes: positive 
 Self-efficacy: low 
 Habit strength: preference of 
sedentary activities 
 Subjective norm: leisure physical 
activity inappropriate for rural 
girls 
 Perceived barriers: lack of 
skills/time 
Environmental factors 
 Family: media use, rules, lack of 
opportunities and role modeling 
 School: lack of rules, financial 
constrains 
 Socio-cultural environment: 
media, transport  
 Built environment; traffic, crime 
concerns  
Figure 3 Summary of the results of the needs assessment used to design the intervention 
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6. Evaluation plan 
Environmental level 
Availability and accessibility  
Individual level 
Psychological problems, skills, taste, 
preferences, social influence, habits, time, 





Availability, accessibility and crime 
concerns  
Individual level 
Peer and social influence, skills, injury and 
time 
1, Availability of clean, fresh and palatable fruit at school. 
2. Additional opportunities for physical activity 
3. Healthy eating advice to the parents 
CPPE Intervention 
Mapping 
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In the intervention schools, the ACTIVITAL program was implemented in two stages. Briefly, the first 
stage comprised three activities: (i) participatory workshops with school staff and adolescents in order 
to assure the cooperation throughout the process and to revise the implementation strategy, (ii) healthy 
eating and physical activity introductory workshops with school staff and adolescents, and (iii) the 
implementation of intervention package one. Stage two only included the implementation of 
intervention package two. Details of the intervention packages are provided in Chapter 3. 
1.4.2.3 Participants and randomization 
This study targeted 12- to 14-year-old adolescents attending schools in the urban area of Cuenca from 
September 2009 until June 2012. The trial aimed to improve dietary intake and physical activity. The 
decision was based on the causal model and on the needs assessment results (68, 69). 
A pair-matched cluster randomized controlled trial was designed with the schools (clusters) as units of 
randomization. A sample of 10 school pairs was selected. Pair selection criteria included: same type of 
schools (public/private), same gender of schools (male/female/co-ed schools) and no more than a 15% 
difference in size (total number of students) and 30% difference in socioeconomic status (monthly fee 
in $). From the 10 allocated pairs, each school was randomly assigned to either the treatment or the 
control group. In each school, two 8th and two 9th grades were randomly selected. All adolescents from 
these grades were invited to participate and 70 students were selected at random. A total of 10 matched 
pairs of schools including an average sample of 65 children per school considering a Type I error of 5%, 
a coefficient of between-cluster variation Km of 0.15 and a power of 80% (81), enabled the detection of 
a decrease in 10% of the energy percentage derived from fat. This corresponded to a total sample size 
of 1300 adolescents in 20 schools. Considering an expected 10% dropout we sampled 1430 adolescents.  
1.4.2.4 Ethics 
A separate protocol was written for the intervention study. This protocol was also approved by the ethics 
committees of the University Central in Quito-Ecuador and the Ghent University Hospital in Belgium 
(COBI- 2009/FWA00002482, B67020084010). The study was registered on ClinicalTrial.gov with 
identifier NCT01004367.  
1.4.2.5 Outcomes  
Primary outcomes were food intake, physical activity, physical fitness and sedentary behavior. BMI, 
waist circumference and blood pressure were the secondary outcomes. Anthropometry measures were 
not within the primary outcomes based on the results of the causal model and on the needs assessment 
(68, 69) and to reduce the chance of stigmatization and of contributing to eating disorders or distorted 
perceptions of body image (82). 
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1.4.3 Evaluation of the intervention  
1.4.3.1 The effect evaluation  
The effect evaluation was performed following the CONSORT statement for RCTs (83, 84). The effect 
on primary and secondary outcomes was analyzed by applying an intention to treat analysis using linear 
mixed effects models. Subgroup analysis by age, weight status and UBN of the outcomes with a 
significant effect at the end of the intervention were also performed. 
1.4.3.2 The process evaluation 
Complex interventions, such as behavioral interventions are implemented at various levels and with 
multiple audiences. They require exhaustive PE to help understanding the pathways of change, describe 
the actual activities implemented and assess the opportunities to implement the intervention in real 
practice. A pre-specified PE protocol was also developed and used to systematically document the 
intervention activities. The PE documented: (i) the implementation of the curriculum and environment-
based components; (ii) the attitudes of teachers, food-tuck shop owners, parents and adolescents towards 
the intervention; and (iii) factors in the external environment affecting the implementation of the 
intervention components at each school. The systematic and stepwise approach as described by Saunders 
et al. was used as the framework to design and analyze the PE data (85).  
1.5 Research questions, hypothesis and objectives of the thesis 
Within the “Food Nutrition and Health” program framework three different PhDs were developed, one 
provided details of the intervention design (76), a second one will analyze the intervention effect on 
physical activity, physical fitness and sedentary behavior. This PhD describes part of the needs 
assessment, analyzes the intervention effect on dietary intake, waist circumference and blood pressure 
and describes the implementation process of the intervention (Figure 5).  
In detail, this thesis aims to (i) explore the distribution of NCDs risk factors with a major focus in 
metabolic CVD risk factors and dietary intake behaviors among adolescents living in urban and rural 
Ecuadorian setting from different socio-economic backgrounds, (ii) analyze the effect on dietary intake, 
blood pressure, BMI and waist circumference and, (iii) the implementation process on strategies related 
with dietary intake outcomes (i.e. classes and workshops focusing on dietary intake outcomes) of a 
school-based health promotion intervention.  
1.6 Specific objectives of the PhD research 
 Understand the distribution of metabolic CVDs risk factors among school-going adolescents 
with different socioeconomic background living in an urban (Cuenca) and a rural (Nabón) area.  
 Describe the dietary intake behavior of school-aged Ecuadorian adolescents living in an urban 
(Cuenca) and a rural (Nabón) area. 
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 Examine the association between dietary intake and metabolic cardiovascular risk factors 
among school-going adolescents living in an urban (Cuenca) and a rural (Nabón) area.  
 Evaluate the effect of the ACTIVITAL school-based health promotion intervention program on 
risky dietary behaviors, BMI, waist circumference and blood pressure among school-going 
Cuencan adolescents. 
 Evaluate the effect of the ACTIVITAL school-based health promotion intervention according 
to important subgroups. 
 Document the PE of the ACTIVITAL school-based health promotion intervention, and,  
 Link the PE data with the intervention effect 
1.7 Thesis outline 
Figure 5 Thesis chapters within the “Food Nutrition and Health” framework 
 
1. The needs 
assessment









(Summary in Chapter 1)
Development of a conceptual framework of the individual 
and environmental factors influencing risky behaviors.
Separate thesis (Summary in Chapter 1)
Systematic review of school interventions targeting dietary 
intake or physical activity for the prevention of obesity. 
Separate thesis (Summary in Chapter 1)






The Intervention Mapping and Comprehensive and 
Participatory Planning and Evaluation framework 
Separate thesis (Summary in Chapter 1)
Intervention objectives strategies and components
Chapter 1 and Chapter 3 
3. Evaluation 





Chapter 3 and 4
Effect on physical 
activity, physical fitness 
and sedentary behavior
Separate thesis
Effect on dietary intake, 
blood pressure and 
waist circumference
Chapter 3 and 4 
The process evaluation
Chapter 5 Process evaluation of dietary oriented strategies
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Chapter 2 describes the distribution of metabolic CVD risk factors and characterizes the diet according 
to socio-economic status, sex and place of residence of adolescents from Cuenca and Nabón. 
Additionally, associations between dietary intake and metabolic risk factors are assessed. 
Chapter 3 presents details of the intervention program and analyzes the intervention effect on diet, 
BMI, waist circumference and blood pressure. Chapter 4 examines the differential effect of the school-
based intervention according with socio-economic status, age and weight status of the participants. 
Chapter 5 describes the intervention implementation and provides an overview of the implementation 
challenges by means of a PE. 
Finally, Chapter 6 summarizes the main findings, contextualizes the intervention program in the 
political and health reality of Ecuadorian adolescents and provides recommendations for policy makers 







2 Prevalence of metabolic risk factors of 
cardiovascular disease and dietary intake 
behaviors among adolescents from Cuenca 
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Objective: This chapter aims to provide detailed information of the (i) prevalence of metabolic CVD 
risk factors, (ii) dietary intake of adolescents in the research area, (iii) differences in metabolic risk 
factors and dietary intake by place of residence (Cuenca vs. Nabón) and UBN of the participants (poor 
vs. better-off) and, (iv) associations between dietary intake with metabolic CVD risk factors. 
Methods: A cross-sectional study was conducted from January 2008 to April 2009 among 606 
adolescents from the 8th, 9th and 10th grade in an urban area (Cuenca), and 173 adolescents from a rural 
area (Nabón) in Ecuador. Data collection involved measuring anthropometric data (weight, height and 
waist circumference), blood pressure, dietary intake (2-day 24h-recall) and socio-demographic 
characteristics. Fasting blood lipids and glucose were measured in a subsample of 334 adolescents.  
Results: Dyslipidemia (34.2%), abdominal obesity (19.7%) and overweight (18.0%) were the most 
prevalent risk factors. Boys were 3.3 times (P < 0.001) more likely to have risk levels of blood pressure. 
Children from better-off socioeconomic strata were 1.6 times (P = 0.021) more likely to be 
overweight/obese and 1.5 times (P = 0.046) more likely to have abdominal obesity. Children living in 
the rural area were 2.8 times (P = 0.004) more likely to have dyslipidemia than those from the urban 
area.  Median energy intake was 1851 kcal/day. Overall, fiber, fish and fruit and vegetables were 
scarcely consumed, while added sugar, refined cereals and processed food consumed as snacks either at 
school or at home were important constituents of the diet. Some modest differences in dietary intake by 
setting or UBN were identified. Adolescents in the better-off group consumed more processed food and 
added sugar compared with those in the poor group. Urban adolescents were more likely to consume 
whole fruit, fresh fish and oilseeds than rural adolescents.  
Two dietary patterns emerged, one labeled as “rice-rich non-animal fat pattern” and the other one as 
“wheat-dense animal-fat pattern”. The first pattern was correlated with a moderate increase in glucose 
in urban participants, while the second pattern was associated with higher LDL and cholesterol blood 
levels in rural participants.  
Conclusion: Several metabolic risk factors and dietary practices conducive to CVD and other NCDs 
development were identified across the entire group. Effective strategies are needed to prevent CVD 
and other NCDs in this group of Ecuadorian population by encouraging a balanced diet, which contains 
less refined cereals, added sugar, and processed food, but more fruits, vegetables and whole grain 
cereals. Such strategies should involve school and home settings, include participants from different 
socio-economic backgrounds, and, target various CVD risk factors. A wider analysis of the health 
problem in the rural area is needed. 
Keywords: Adolescent, dyslipidemia, overweight, risk factors, dietary intake, Ecuador 
  




Fresh fruit, vegetables, whole grains and fish consumption have been identified as important dietary 
factors protecting against CVD. Meanwhile a high intake of added sugar, sodium and other refined 
carbohydrates has been negatively associated with CVD in adults (86-89). Available data of dietary 
behavior and metabolic cardiovascular risk factors among adolescents principally originates from HICs 
(90, 91), and either takes a few aspects of dietary intake into consideration or focuses on a specific 
population group such as overweight adolescents (92, 93). Identifying and understanding the distribution 
of risk factors and health related behaviors is key to developing effective population intervention 
programs that aim to prevent CVD (14, 15). 
This chapter summarizes the prevalence of metabolic CVD risk factors, describes the dietary intake and 
analyzes association between dietary intake and metabolic risk in adolescents from different 
socioeconomic backgrounds living in Cuenca and Nabón. The findings were used to design the school-
based health promotion intervention ACTIVITAL (Chapter 3). 
2.3 Methods 
2.3.1 Subjects and sampling 
A cross-sectional study was conducted from January 2008 until April 2009 among 779 adolescents 
attending 8th, 9th and 10th grade (10 to 16 years old) in Cuenca and Nabón. A sample of 606 adolescents 
was taken from the urban area, while in the rural area, all the school-going adolescents from the four 
schools in Nabón willing to participate were included (n = 173). A subgroup of 334 adolescents 
volunteered from both rural and urban area for blood sample determinations. Energy intake was 
considered as the outcome parameter for the sample size calculation as food intake was considered as 
the most comprehensive outcome. Given the lack of published data, sample size calculations were based 
on the mean energy intake estimated by an unpublished survey (E. Segarra, unpublished data, 2006) that 
estimated the average intake to be 1700 kcal among school-going adolescents from Cuenca, Ecuador. 
With a precision of 10% and a cluster effect of 2, the sample size needed was 520. Considering an 
expected dropout of 14% during the data collection process, the final sample size increased to 593 
adolescents. 
A two-stage cluster design was used, with schools as the primary sampling unit and classes as the 
secondary sampling unit. In total, 30 out of 102 schools in Cuenca were probability proportionate to size 
selected according to (i) their type (public or private school) and (ii) their gender (male, female and co-
ed schools) (94). Within each selected school, a full list of the students from 8th, 9th and 10th grade was 
obtained and 20 students were selected form each school using a random number list. In total, 600 
adolescents (30 clusters x 20 students) were invited to participate. Out of the 30 schools initially 
sampled, five schools refused to participate as they feared students would miss classes. Therefore, five 
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new schools were selected following the same procedure as described before. For biochemical 
determinations, all the students (n = 334, 43% of the total sample) who accepted to participate were 
included. 
2.3.2 Ethics 
A first written consent was obtained from participants and their parents/ guardians for the 
anthropometry, blood pressure, food intake and socio-demographic characteristics and a second one for 
biochemical determinations. All adolescents with a concomitant disease, following a special diet, 
pregnant or that decided not to participate were excluded from the study. 
2.3.3 Anthropometric measurements 
Anthropometric variables were measured in duplicate by two independently trained interviewers 
according to standardized procedures (95). During the measurements, the children wore light clothes 
and no shoes. Optimal privacy was assured: girls were measured in a separate room by female 
interviewers and boys by male interviewers. Weight was measured and recorded to the nearest 100g 
using a digital calibrated balance (SECA 803, Seca GmbH & CO, Hamburg, Germany), and height to 
the nearest mm using a portable stadiometer (PORTROD, Health O Meter, USA). BMI was calculated 
as weight/height2 (kg/m2). The definition of nutritional status was based on average percentiles; 
adolescents were classified as underweight, healthy weight, overweight and obese according to the 
International Obesity Task Force criteria (96, 97). Waist circumference was measured at the mid-point 
between the last rib and the iliac crest.  
2.3.4 Blood pressure 
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured and recorded after a 
10-min seated rest using an automatic portable sphygmomanometer (Rister, ri-champion® N). 
Measurements were carried out by trained staff, on-site and in triple. In order to avoid any false positives, 
a fourth measurement was taken after a period of rest when initial values were higher than 120/80 
mmHg. If a child was diagnosed with high blood pressure, he/she was referred to a specialist for a final 
diagnosis and treatment. Normal blood pressure was defined as average SBP and/or DBP below the 90th 
percentile for sex, age and height (98). 
2.3.5 Socio-demographic characteristics 
Socio-demographic characteristics were assessed using the method developed by the Integrated Social 
Indicator System for Ecuador (62) following the World Bank recommendations (99). The approach 
measures poverty according to Unsatisfied Basic Needs (UBN) and classifies a household as poor when 
one or more serious deficiencies in access to education, health, housing, urban services and employment 
opportunities is present. This method is applied in the Ecuadorian national surveys by the National 
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Institute of Statistics to classify the participants in one of two groups; ‘Poor group’, if at least one of the 
10 deprivations was present (water, electricity, sewerage, overcrowding, education of the head of the 
family, illiteracy, maternal deliveries, occupation, illness and schooling) or the ‘Better-off group’, if no 
deprivation was reported. Appendix 4 contains the form used to collect socio-demographic data. 
2.3.6 Blood sample determinations  
Overnight fasting (at least 8 h) blood samples were drawn by venipuncture at the ante-cubital vein. Ten 
mL of blood was collected into tubes without anticoagulant and kept on ice. Serum was obtained by two 
consecutive centrifugations at 4000 rpm for 5 min. The serum was used for glucose and total lipid profile 
determination. Colorimetric enzymatic methods were used to determine fasting glucose (clinical 
diagnostic reagent), total cholesterol (CHOD-PAP kit, Human, Wiesbaden-Germany), and triglycerides 
(GPO-PAP kit, Human, Wiesbaden Germany) by absorbance measurement using a spectrophotometer 
(Genesys 10, Thermo Scientific, Madison, Wisconsin-USA). High-density lipoprotein cholesterol 
(HDL) was quantified after precipitation of lipoproteins containing Apo B with fosfotungstic acid and 
magnesium chloride. Low-density lipoprotein cholesterol (LDL) was calculated using the Friedewald 
formula (100). Precision and accuracy were estimated in the laboratory using commercial validated 
standards. The global analytical coefficient of variation for total cholesterol and triglycerides was 3.1% 
and 5.7%, respectively. The %bias ranged from 0% to 8% (101).  
2.3.7 Definition of metabolic risk factors 
The following dichotomy variables were created to define metabolic risk factors: (i) overweight-obese, 
being or not either overweight or obese, (ii) abdominal obesity was defined as having a waist 
circumference higher than the 80th percentile for age and sex (102), (iii) pre-hypertension and 
hypertension were classified together as high risk level of blood pressure when the average SBP and/or 
DBP was greater than or equal to the 90th percentile for sex, age and height (98), (iv) risk levels of total 
cholesterol were defined when values were greater than or equal to 170 mg/dL, (v) risk levels of LDL 
when values were greater than or equal to 110 mg/dL, respectively, (vi) HDL risk levels when values 
were lower than or equal to 35 mg/dL (101), (vii) triglycerides risk levels when values were greater than 
or equal to 150mg/dL, and (viii) glucose risk levels if values were lower than or equal to 100 mg/dL 
(103).  
2.3.8 Dietary assessment  
Food intake was measured using an interview-administered 2-day 24-hour dietary recall. Days were 
randomly allocated to include one recall on a weekday and a second one on a weekend day per each 
participant (104). Locally used utensils were calibrated and used to estimate portion sizes in order to 
quantify the amounts of food consumed. If the participants did not supply detailed information on the 
ingredients used and/or cooking methods of a recipe, recipes were prepared in triple by local 
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volunteering housewives. For each of these recipes the ingredients and their weights were measured. 
The average was calculated and served as the final estimate for the ingredients and their weight of the 
recipe. In the case of uncommon recipes, such as some desserts or traditional dishes, an experienced 
cook was asked to prepare the recipe. The ingredients and their weights were recorded and calculated 
from this.  
Since an up-to-date Ecuadorian food composition database does not exist, a compiled food composition 
database was developed using a pre-determined procedure. During the first stage all the 24-hour dietary 
recall forms were revised to make a list of all consumed recipes or ingredients. The second stage 
involved constructing a database using the following procedure: we searched the U.S. (USDA, 2012) 
database, when food items were not available the Mexican database (INNSZ, 1999) was used. If data 
could not be obtained, the Central American (INCAP/OPS, 2012) and Peruvian (CENAN/INS, 2008) 
databases were searched to compose the final food composition database. For locally processed and pre-
packed food items, food labels were used to obtain the composition. A total of 13 food items were not 
available in any of the searched databases and data were obtained from analysis in our lab. In the case 
of the latter, 12 samples per food item were randomly taken from local markets and then mixed to form 
a composite sample. One analytical portion was analyzed in triplicate for moisture and dry matter, ash, 
total fat by Weibull, total nitrogen by the Kjeldahl method and total carbohydrates were determined by 
difference (105). Fiber, sodium and potassium content were not available for the 13 food items included 
in proximal analysis and could not be found in other databases. 
2.3.8.1 Nutrients and recommendations 
Added sugar was estimated by including all sugars used in any type of processed or prepared food 
(recipes), sugar naturally present in food was excluded from the analysis (88). From a total of 556 
identified food items, sugar content was available for 408 of them; either from the USDA or the Mexican 
food composition databases. For the remaining 148 food items, sugar content was estimated as follows: 
58 food items were coded as containing natural sugar, since they were fruit, vegetables, grains, tubers 
or maize. For the remaining food items, either the sugar content of food items with similar nutritional 
characteristics was extrapolated (n = 35 food items), food labels were used (n = 42 food items), or the 
information of standardized recipes was used to quantify the sugar content (n = 12 food items). The 
sugar content of one food item (“Chicha de Jora”) could not be determined and was excluded from the 
analysis as it was consumed by only one participant. The following sources of added sugar were 
identified as described by Wesh et al.: Sweets (candies and gums, soda, added sugar and syrups, fruit 
flavored drinks, pre-sweetened coffees and tea, sport drinks and energy drinks), grains (cake and 
cookies, ready to eat cereals, bread and muffins and other grains), fruits and vegetables, dairy (dairy 
desserts, milk, yoghurt, and other dairy), protein sources (meat, egg and beans) and fat and oils (88).  
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Macronutrients and added sugar energy percentages per day (E%/day) were calculated by dividing the 
energy of each variable by the total energy intake per day. Macronutrient E% and sodium intake were 
compared with Dietary Reference Intakes for sex and age (106). Since a clear definition of recommended 
added sugar intake is not available, we used the US recommendation of consuming <15% E% intake of 
solid fats and added sugar (107). Therefore the variable solid fat was generated as described by the U.S. 
Department of Agriculture: all excess fat from the milk and meat and beans and solid fats added to foods 
in preparation or at the table, including cream, butter, stick margarine, regular or low-fat cream cheese, 
lard, meat drippings, cocoa, and chocolate (108). The energy of added sugar and solid fats was summed 
up, expressed as E%/day and compared with the threshold of 15%. Total fruit and vegetable 
consumption were compared with the 400g/day recommendation of the World Health Organization 
(109). 
2.3.8.2 Food groups 
The food groups used in this study were based on the classification as proposed by the Health 
Department of Mexico (110) since this classification is in concordance with the objectives of this study 
and both the ingredients and recipes were comparable to those in Ecuador. After adapting this 
classification we identified a total of 20 main food groups: (i) white rice, (ii) refined wheat (bread, pasta, 
wheat powder), (iii) other refined cereals (tapioca, maize powder, banana powder and any other kind of 
powder different from wheat), (iv) whole grain cereals (quinoa, oat, barley), (v) maize, (vi) tubers, (vii) 
plantain, (viii) legumes, (ix) total fruit (including raw fruit and fruit used in juices or any other 
preparation), (x) vegetables, (xi) poultry, (xii) red meat (including processed meat), (xiii) fish and 
seafood, (xvi) dairy products (milk, yogurt, flavored milk, cheese), (xv) oilseeds (nuts, peanuts, 
almonds), (xvi) vegetable oils, (xvii) animal fat (butter, mayonnaise, crackling), (xviii) coffee, (xix) 
spices and (xx) processed food rich in salt, fat or added sugar included the following subgroups based 
on the Mexican classification which comprised (a) table sugar and sweets (honey, candies, chocolates, 
ice creams, sweet cookies, traditional sweet desserts and sugar added to juices, coffee, etc.), (b) salty 
snacks and fast food (all packaged salty snacks, salty cookies, French fries, pizza, hamburgers) (c) soft 
drinks (soda, artificial sweetened juices, energy drinks) and (d) any other packaged food (ketchup, 
packaged soups, gelatin). Food groups are presented as E%/day. 
Food groups considered as protective (fruit, vegetables, oilseeds and fish) (87, 89)  against CVD were 
further analyzed in subgroups. As the type of fish could be important in determining this protective 
effect (111), we divided the reported fish consumption by processing methods, i.e. (i) fresh fish 
including steamed and roasted fish, (ii) fried fish and (iii) canned fish. As preparation methods may play 
a role in nutritional value (112), the most common preparation methods of fruit, vegetable, legumes and 
oilseeds were also identified.  
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2.3.8.3 Mealtimes  
Mealtimes were defined as: breakfast, morning refreshment, lunch, afternoon refreshment, dinner and 
evening refreshment. The schools in this study have morning and afternoon schedules. In general, 
morning schools have classes from 7:00 until 13:00 and afternoon schools from 12:00 to 18:00. 
Mealtimes during the week were defined in accordance to these school hours. For morning schools the 
times were set as follows: breakfast between 5:00-7:00, morning snack between 7:00-13:00, lunch from 
13:00-16:00 and afternoon snack from 16:00–18:00. For afternoon schools the timings were breakfast 
from 5:00–8:00, morning snack from 8:00–11:00, lunch from 11:00–12:00, and afternoon snack from 
12:00–18:00. Dinner and night snack were set equally for the whole sample from 18:00–21:00 and any 
hour later than 21:00 respectively. The weekend’s timing was set equally for all the participants. They 
were as follows: breakfast from 5:00–9:00, morning refreshment from 9:00–12:00, lunch from 12:00–
15:00, afternoon refreshment from 15:00–18:00 and dinner from 18:00–21:00. 
2.3.9 Data analysis 
At the end of each workday, all the forms were collected and revised by the supervisors. In case of 
missing data, the researcher returned to the school to collect the information needed. Anthropometric, 
socioeconomic and blood lipid data were entered in duplicate into Epidata (Epidata Association, Odense, 
Denmark) by two independent researchers. Any discrepancy was corrected using the original forms. 
Food intake data was entered using an online software designed to analyze 24-hour recall data (Lucille 
software 0.1, 2010, Gent University; www.foodintake.ugent.be).  Data were analyzed using Stata 
version 11.0. (College Station, TX, USA). The analysis was adjusted for the cluster sampling design, by 
using specific survey commands with schools being the primary sampling unit. 
Results were expressed as mean ± standard deviation (SD) or as median and interquartile range (IQR) 
when data were not normally distributed. Prevalence estimates were reported as percentages with 95% 
confidence intervals. A X2 test (or Fisher exact test when cell values were low) was used to compare 
frequencies and linear regression models adjusted for UBN, sex and location when appropriate were 
used to compare means. When appropriate, continuous variables were transformed into a normal 
distribution. A significance level of 5% was used for all statistical tests. 
Predictors of metabolic risk factors (sex, UBN and location) were determined using a logistic regression 
model. First, the associations between the predictors and each risk factor as dependent variables were 
analyzed in bivariate models (BM). Next, predictors with P < 0.1 in the bivariate models were entered 
in an adjusted multivariable model (AM). Results are reported as odds ratio (OR) and 95% confidence 
interval (CI). 
Factor analysis was carried out to identify underlying dietary patterns that could be related with 
metabolic risk factors. This analysis was performed including twenty food groups expressed as E%/day. 
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The number of factors retained was based on a scree-plot. Food groups with a loading factor below 0.10 
were removed from the analysis. Foods with a factor loading above 0.3 were identified as the main 
contributors to each pattern (113). A score of each dietary pattern was calculated for each participant. 
The scores were split into tertiles in order to identify differences in nutrients and in metabolic risk profile 
either in the lower or in the higher tertiles of the identified patterns. Therefore, for each tertile of the 
dietary pattern score, the median of the macronutrients E%, added sugar and sodium contribution were 
reported as well as the mean of the metabolic risk factors. 
Linear regression models were used with two extra purposes: (i) to identify differences in age, 
anthropometry, blood parameters, energy intake, macronutrient E%, added sugar, sodium and food 
group energy sources, by gender, UBN or place of residence (ii) to compare, macronutrients E%, added 
sugar, sodium and metabolic risk factors across the tertiles of the dietary patterns score. The comparisons 
of dietary components and metabolic risk factors among the dietary patterns score tertiles were split into 
subgroups (UBN or place of residence) only if interactions were significant. Outcomes not following a 
normal distribution were log-transformed (natural logarithm) before inclusion in the models, and beta 
coefficients were back transformed and expressed as percentage differences (estimate-1*100). All the 
models were adjusted for sex, UBN and place of residence.  
Logistic regression models were also used to determine UBN and place of residence differences in: (i) 
the amount of participants exceeding the macronutrient, sodium and added sugar recommended intake 
per day, (ii) the number of consumers of protective groups (subgroups) such as fish (roasted, fresh, 
canned), fruit and oilseeds (preparation methods) as well as in (iii) the number of consumers of the main 
sources of added sugar. All the models were adjusted for sex, UBN and place of residence. Results are 
reported as odds ratio (OR) and 95% confidence interval (CI).  
2.4 Results 
A total of 779 children were enrolled, 50.1% were boys. General characteristics are displayed in Table 
1. More girls from the rural area participated in the study (P<0.01). Based on the UBN, 44% of the 
adolescents were classified as poor and a higher proportion of rural adolescents were poor compared 
with their urban peers (95% vs. 45% P<0.01). The average age was 13.6 ±1.2 years and did not differ 
between boys and girls (P = 0.70). Participants’ age ranged from 10-16 years old. A higher proportion 
of girls were from poor households, although this difference was marginal (P = 0.05). No differences in 
the mean age (P = 0.24), BMI (P = 0.21), waist circumference (P = 0.52), SBP (P = 0.72), DBP (P= 
0.98), sex (P = 0.19) and categories of BMI (P = 0.44) were found between the sample providing blood 
samples and the other adolescents.  
Boys had a lower BMI (P=0.001), were taller (P=0.008) and had higher SBP and DBP (P=0.001 and 
0.024 respectively) than girls. No differences in waist circumference and weight were found according 
to sex. Blood parameters were not different between sexes. With regard to dietary intake, 43 participants 
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out of 779 provided only one recall, while for the remaining participants two days of dietary intake recall 
were available (one for a weekday and one for a weekend day), boys had a higher energy intake (P<0.01) 
mainly from carbohydrates (P=0.01) and ate more sodium (P<0.01) than girls. 
2.4.1 Prevalence of metabolic CVD risk factors and its predictors 
Prevalence of the metabolic cardiovascular risk factors according to sex UBN and location are presented 
in Table 2. The most prevalent risk factors were dyslipidemia (34.2%) abdominal obesity (19.7%), risk 
levels of total cholesterol (18.6%), overweight (18%) and risk levels of triglycerides (15.6%). 
Table 1 Age, anthropometry, blood pressure, energy, sugar, sodium and macronutrients intake overall and by sex 
  Total Boys Girls 
P value 
n 












Age (years)1 770 13.6 ±1.2 13.6 ±1.2 13.6 ±1.2 0.701 
Weight (kg)1 764 46.5 ±10.1 46.7 ±11.2 46.2 ±8.9 0.423 
Height (cm)1 764 150.8 ±9.0 152.2 ±10.3 149.3 ±7.1 0.008 
BMI (kg/m2)1 760 20.3 ±3.1 19.9 ±3.1 20.6 ±3.1 0.001 
Waist (cm)1 767 70.2 ±8.0 70.6 ±8.4 69.7 ±7.7 0.203 
SBP2 (mmHg)1 766 101.6 ±10.0 103.3 ±10.6 99.8 ±9.0 0.001 
DBP3 (mmHg)1 766 62.3 ±8.7 63.2 ±9.1 61.3 ±8.1 0.024 
Total cholesterol (mg/dL)1 334 146.9 ±32.1 145.6 ±32.0 147.9 ±32.5 0.953 
LDL cholesterol (mg/dL)1 334 77.3 ±28.6 76.3 ±29.7 78.3 ±27.6 0.940 
HDL cholesterol (mg/dL)1 334 50.0 ±12.2 51.6 ±12.9 48.7 ±11.5 0.217 
Triglycerides (mg/dL)1 334 98.0 ±55.5 90.2 ±49.6 104.8 ±59.6 0.076 
Glucose (mg/dL)1 334 74.9 ±13.1 75.8 ±9.0 74.1 ±15.9 0.140 
Energy (kcal)4 779 1851 710 2001 721 1731 612 <0.001 
Carbohydrates (E%)4 779 60.7 9.2 61.5 8.5 60.0 9.2 0.010 
Other carbohydrates (E%)4 779 44.4 12.0 44.9 12.1 43.5 12.2 0.009 
Added sugar (E%)4 779 15.4 7.2 15.4 7.7 15.5 6.9 0.392 
Fiber (g)4 779 11.1 8.0 11.0 7.5 11.2 8.3 0.935 
Total fat (E%)4 779 24.2 6.9 23.7 6.7 24.8 7.2 0.001 
Protein (E%)4 779 13.4 3.6 13.7 3.6 13.2 3.4 0.717 
Sodium (mg)4 779 2227.8 1174.5 2430.4 1260.6 2053.6 998.6 <0.001 
1 Mean and standard deviation.2 Systolic blood pressure 3Diastolic blood pressure. 4Median and interquartile range. Bold: P 
values <0.05. Differences tested using linear regression models adjusted for UBN and place of residence. 
Chapter 2 Metabolic risk factors and dietary intake 
32 
 
Table 2 Prevalence of metabolic risk factors by sex, unsatisfied basic needs and place of residence 
  
Total 
UBN  Location 
Poor Better-off Urban Rural 
% CI1 % CI % CI % CI % CI 
Overweight 18.0 [14.2;15.1] 14.7 [11.3;18.2] 22.2 [17.4;27.0] 19.2 [15.9;22.5] 13.9 [8.54;19.2] 
Obesity 2.11 [1.10;3.14] 1.66 [0.31;3.01] 2.70 [0.95;4.45] 2.10 [1.02;3.36] 1.81 [-1.6;5,31] 
Abdominal obesity 19.7 [16.6;22.9] 16.9 [12.8;21.0] 23.3 [18.5;28.2] 19.5 [16.5;22.6] 20.5 [6.05;34.9] 
Risk blood pressure 6.21 [4.34;8.10] 6.05 [3.70;8.39] 6.53 [3.48;9.58] 6.10 [4.26;7.95] 6.66 [-0.7;14.0] 
Dyslipidemia 34.2 [27.0;41.5] 37.7 [26.1;49.2] 29.9 [21.2;38.5] 27.3 [21.2;33.5] 51.0 [22.7;79.3] 
Risk levels of cholesterol 18.5 [13.4;23.5] 20.6 [12.4;28.8] 15.7 [9.28;22,1] 15.1 [11.0;19.3] 26.5 [-0.2;53.3] 
Risk levels of HDL 10.4 [5.82;15.0] 11.6 [5.37;17.7] 8.95 [1.46;16.4] 6.72 [1.95;11.5] 19.4 [4.80;3.40] 
Risk levels of LDL 10.7 [6.65;14.8] 13.1 [6.46;19.7] 7.50 [2.47;12.5] 7.60 [3.86;11.3] 18.4 [1.50;39.7] 
Risk levels of triglycerides  15.5 [10.3;20.6] 18.1 [10.9;25.2] 11.9 [6.84;17.0] 11.8 [6.70;16.8] 24.5 [10.2-38.8] 
Impaired fasting glucose 0.89 [-0.08;1.9] 1.50 [-0.2;3.23] 0.0 – 0.84 [-0.37;2.05] 1.02 [-0.3;4.03] 
1Confidence interval  
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Table 3 Predictors of metabolic risk factors in Ecuadorian adolescents 
  Sex1  UBN2   Location3 
    OR  CI P value OR   CI P value OR   CI P value 
Overweight/ 
obesity 
BM4 0.9 [0.6;1.4] 0.780 1.6 [1.2;2.4] 0.012* 0.7 [0.5;1.0] 0.028* 
AM5 –6 – – 1.6 [1.1;2.5] 0.021 0.9 [0.6;1.4] 0.676 
Abdominal  
obesity 
BM 0.9 [0.7;1.2] 0.471 1.5 [1.2;2.0] 0.046* 1.1 [0.6;1.8] 0.817 
AM – – – 1.5 [1.2;2.0] 0.046 – – – 
Risk blood  
pressure 
BM 3.3 [1.9;5.9] <0.001* 1.1 [0.6;2.0] 0.181 1.1 [0.6;2.2] 0.776 
AM 3.3 [1.9;5.9] <0.001 – – – – – – 
Dyslipidemia BM 0.7 [0.4;1.3] 0.229 1.4 [0.7;2.9] 0.309 2.8 [1.4;5.6] 0.004* 
AM – – – – – – 2.8 [1.4;5.6] 0.004 
Risk levels of 
 triglycerides 
BM 0.8 [0.5;1.3] 0.279 0.6 [0.3;1.2] 0.126 2.5 [1.3;4.8] 0.005* 
AM – – – – – – 2.5 [1.3;4.8] 0.005 
Risk levels of 
total cholesterol 
BM 0.9 [0.4;1.9] 0.727 0.7 [0.3;1.6] 0.409 2.1 [1.0;4.6] 0.059* 
AM – – – – – – 2.1 [1.0;4.6] 0.059 
Risk levels of 
HDL 
BM 0.4 [0.1;0.9] 0.029* 0.8 [0.2;2.4] 0.637 3.2 [1.2;8.9] 0.024* 
AM 0.4 [0.2;1.0] 0.057 – – – 2.8 [1.1;7.0] 0.031 
Risk levels of 
LDL 
BM 1.0 [0.4;2.5] 0.950 0.5 [0.2;1.4] 0.198 2.9 [1.1;7.4] 0.031* 
AM – – – – – – 2.9 [1.1;7.4] 0.031 
1 Sex (female/male); 2 Unsatisfied Basic Needs (poor/ better-off); 3 Location (urban/rural); 4 Bivariate model; 5 Adjusted model 
(includes predictors with a P value <0.01 in the bivariate models); *Significant predictors in the bivariate model; 6 No included 
in the adjusted models (P>0.01 in the bivariate model. Bold: P values <0.05 in the adjusted models. Differences tested using 
logistic regression models. 
The predictors of metabolic risk factors are displayed in Table 3. Sex was a predictor of high blood 
pressure: boys were 3.3 (P < 0.001; 95% CI: 1.9, 5.9) times more likely to have risk levels of blood 
pressure than girls. Socioeconomic status was a predictor of overweight/obesity and abdominal obesity, 
children from the better-off group were 1.6 times (P=0.021; 95% CI: 1.1, 2.5) more likely to be 
overweight/obese and 1.5 times (P=0.046; 95% CI: 1.2, 2.0) more likely to suffer from abdominal 
obesity compared to their poorer peers. Location showed to be a significant predictor of dyslipidemia, 
risk levels of triglycerides HDL and LDL. Children from the rural area were 2.8 times (P = 0.004; 95% 
CI: 1.4, 5.6) more likely to have dyslipidemia, 2.5 times (P = 0.005; 95% CI: 1.3, 4.8) more likely to 
have risk levels of triglycerides, 2.8 times (P = 0.031; 95% CI: 1.1, 7.0) more likely to have risk levels 
of HDL and 2.9 times (P = 0.031; 95% CI: 1.1, 7.4) more likely to have risk levels of LDL than those 
from the urban area. 
2.4.2 Dietary intake 
2.4.2.1 Energy, macronutrient, added sugar and sodium intake 
Median energy intake was 1851 kcal/day (Table 1). Energy intake, macronutrients E% and sodium 
intake per UBN and place of residence are presented in Table 4. Adolescents from the urban (8.0% less 
energy, P<0.01) and the better-off group (3.2% less energy, P=0.03) got less energy from total 
carbohydrates when compared to their rural peers and the group classified as poor, respectively. This 
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lower carbohydrate intake is due to a lower intake of carbohydrates other than added sugar (P<0.01 for 
both). In contrast, added sugar was consumed more by adolescents from the higher socioeconomic strata 
(P<0.01). Fat and protein were also highly consumed by urban adolescents as well as by those in the 
better-off group.  
The median intake of added sugar was 86.5 g (25th-75th: 60.8, 120.9). The main sources were refined 
sugar added to fresh fruit-juices, coffee, tea, milkshakes (median intake 33.2 grams; 25th-75th: 22.4, 
45.0), sodas (median intake 15 grams; 25th-75th: 0, 24.4 g), and bread and muffins (median intake 3.6 
grams; 25th-75th: 3.0, 6.2 g). Fiber intake was low among the whole sample. Urban adolescents ate less 
fiber than their rural peers (P<0.01). 
2.4.2.2 Dietary intake and recommendations 
An estimated 23.9% of the participants exceeded the recommended E%/day of carbohydrates intake. 
Rural and poor adolescents were 3.1 (P<0.01; 95% CI: 1.6, 5.7) and 1.7 (P=0.02; 95% CI: 1.1, 2.8) times 
more likely to exceed their carbohydrate E%/day, respectively. In total, 92.1% of the adolescents got 
more than 15% of their daily energy intake from solid fats and added sugar, (median sugar intake = 
15.4%). Adolescents in the better-off group were almost three times more likely to exceed this threshold 
(P<0.01; 95% CI: 1.4, 6.0). Only 5.0% of the adolescents reached the recommended fiber intake with 
no statistical differences in UBN or place of residence.  
A small number of participants (5.7%) exceeded the recommended E%/day from fat, but urban 
adolescents were 6.3 times more likely to exceed this recommendation (P<0.01; 95% CI: 2.5, 16.1). 
With regard to sodium recommendations, 85.6% participants consumed more than 1.5 g of sodium /day 
and 46.1% consumed more than 2.3 g of sodium/day. There was no statistical difference according to 
UBN or place of residence. Only 11% of adolescents achieved the WHO recommended fruit and 
vegetable intake of 400g per day. 
2.4.2.3 Energy sources (food groups) 
Energy sources per day are illustrated in Table 5. Overall, the main sources of energy (in total more 
than 50% of daily energy intake) in the diet were refined cereals, such as white rice, refined wheat 
products and processed food. In contrast, less than 1% of the daily energy intake originated from whole 
grain cereals. Furthermore, only 26% of the participants consumed any kind of whole grain (median 
intake among consumers of whole grains was 33.0g; 25th-75th: 12.5, 60.9). Urban adolescents consumed 
more red meat (P<0.01) and dairy (P=0.02), but less rice (P<0.01) and tubers (P<0.01) than their rural 
counterparts. With regard to socioeconomic differences, adolescents from the higher strata ate less rice 
(P<0.01) and vegetable oil (P=0.02) but more processed food (P<0.01) than those in the lower strata.  
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Table 4 Macronutrient, sodium and added sugar intake per day (median 25th-75th) according to UBN and place of residence 
 UBN1  
β% P value 
Place of Residence  
β% P value 
Poor Better-off Rural Urban 
Energy (kcal) 1837 [1495;2161] 1857 [1528;2272] 0.1 0.95 1766 [1465;2076] 1863 [1528;2251] 4.3 0.08 
Carbohydrates (E%)2 62.3 [57.7;65.9] 58.4 [53.9;62.9] -3.2 0.01 63.8 [61.0;68.0] 59.2 [54.7;63.5] -8.0 <0.01 
Other CH (E%) 47.1 [42.0;52.9] 40.7 [35.4;46.3] -8.7 <0.01 51.0 [46.9;55.4] 42.2 [36.9;47.8] -14.9 <0.01 
Added Sugar (E%) 14.4 [11.1;17.8] 16.5 [13.4;21] 15.4 <0.01 13.4 [9.9;16.4] 15.9 [12.8;19.9] 14.6 0.05 
Fiber (g) 11.1 [8.2;16.3] 10.9 [7.9;15.2] -1.8 0.63 12.3 [8.7;17.9] 10.8 [7.9;15.2] -13.7 <0.01 
Total Fat (E%) 23.1 [20.4;26.7] 25.8 [22.4;30.1] 5.2 <0.01 21.8 [18.6;24.3] 25.0 [21.9;29.1] 16.0 <0.01 
Protein (E%) 13.0 [11.4;14.6] 14.2 [12.2;15.8] 4.2 0.04 12.0 [10.6;13.4] 13.8 [12.1;15.6] 11.5 <0.01 
Sodium (mg) 2099 [1672;2709] 2360 [1811;3087] 6.0 0.05 2038 [1596;2575] 2284 [1777;2991] 8.0 0.01 
1 Unsatisfied basic needs; 2 Energy percentage. Bold: P values <0.05. Differences tested using linear regression models adjusted for gender UBN and place of residence.  
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Table 5 Energy sources per day (median 25th-75th) in order of importance according to UBN and place of residence 
Energy sources Overall (n=779) 
UBN1 
 β%  P value 
Place of Residence 
 β%  P value 
Poor Better-off Rural Urban 
White rice (E%)2 23.0 [16.2;29.6] 25.4 [19.7;32.4] 19.0 [12.8;25.9] -22.0 <0.01 27.6 [23.0;33.7] 21.4 [14.7;28.3] -22.1 <0.01 
Processed food3 (E%) 19.3 [13.4;24.8] 18.4 [12.6;23.5] 21.3 [15.3;27.1] 17.5 <0.01 17.6 [11.7;22.7] 20.1 [14.1;25.7] 6.7 0.28 
Refined wheat (E%) 10.4 [6.5;14.7] 10.3 [6.3;14.2] 10.4 [6.8;15.1] -3.0 0.67 10.7 [5.8;14.7] 10.3 [6.7;14.7] 7.0 0.35 
Dairy (E%) 7.1 [3.6;10.9] 6.3 [3;9.7.0] 8.2 [4.9;11.8] 10.5 0.11 4.6 [2.1;7.7] 7.9 [4.4;11.5] 57.5 <0.01 
Red meat (E%) 6.2 [3.5;9.7] 5.6 [3.1;9.1] 7.1 [4.2;11.0] 6.1 0.26 4.3 [2.1;7.4] 6.8 [4.0;10.5] 32.1 <0.01 
Poultry (E%) 4.8 [1.5;8.5] 4.7 [1.6;9.5] 5.2 [1.6;8.5] 2.2 0.82 3.6 [1.2;7.1] 5.3 [1.7;8.7] 14.1 0.17 
Vegetable oils (E%) 3.8 [2.5;5.3] 5.4 [2.6;5.4] 3.6 [2.4;5.2] -12.0 0.02 3.8 [2.4;5.0] 3.8 [2.6;5.4] 14.3 0.11 
Total fruit (E%) 3.0 [1.4;3.5] 3.2 [1.5;5.7] 2.9 [1.3;5.3] -7.6 0.31 2.9 [1.4;5.4] 3.1 [1.5;5.6] 6.2 0.52 
Tubers (E%) 2.4 [1.3;4.0] 2.5 [1.5;4.2] 2.1 [1.1;3.6] -6.9 0.43 3.1 [2.2;5.1] 2.1 [1.1;3.6] -39.3 <0.01 
Animal fat (E%) 1.2 [0.3;3.1] 1.1 [0.3;2.5] 1.3 [0.3;3.5] 24.3 0.08 1.1 [0.4;2.1] 1.2 [0.3;3.3] 11.3 0.37 
Whole grain cereals (E%) 0.1 [0.0;0.2] 0.1 [0.0;0.3] 0.1 [0.0;0.2] -27.0 0.11 0.1 [0.0;0.3] 0.1 [0;0.2.0] 23.5 0.42 
Vegetables (E%) 0.7 [0.4;1.0] 0.7 [0.4;1.1] 0.6 [0.4;0.9] -1.1 0.86 0.8 [0.5;1.2] 0.6 [0.3;1.0] -15.3 0.18 
Fish and seafood (E%) 0.5 [0.0;3.1] 0.6 [0.0;2.8] 0.5 [0.0;3.1] 8.0 0.65 0.7 [0.0;4.3] 0.5 [0;2.6.0] -30.9 0.20 
Whole grain cereals (E%) 0.1 [0.0;0.2] 0.1 [0.0;0.3] 0.1 [0.0;0.2] -27 0.11 0.1 [0.0;0.3] 0.1 [0;0.2.0] 23.5 0.42 
Other sources4 (E%) 6.1 [2.4;11.2] 5.9 [2.3;11.8] 6.1 [2.4;10.4] 7.1 0.36 6.9 [3.1;15.3] 5.9 [2.3;10.5] -11.2 0.07 
1 Unsatisfied basic needs. 2 Energy percentage. 3 Processed food includes sweets; snacks; soft drinks and any other packaged food item. 4 Other sources includes: plantain; maize; other cereals; 
oilseeds; legumes spices and coffee. Differences using linear regression models adjusted for gender UBN and place of residence. Bold: P values <0.05 
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2.4.2.4 Protective food groups 
Total fruit intake was reported by 92% participants and the median total fruit intake was 121.0 g/day 
(25th-75th: 58.1, 215.4g). Fruit was mainly consumed in three forms: (i) whole fresh fruit (58.4%), (ii) 
fresh fruit used in sugary juices (32.0 %.) and (iii) as fresh fruit used in sugary milkshakes (4.6%). 
Although median fruit intake was not different by place of residence, urban adolescents were 2.6 times 
more likely to eat whole fruit than rural adolescents (P<0.01; 95% CI: 1.6, 4.2). Vegetable intake was 
reported by 99% of the adolescents, and the median vegetable intake was 50.1 g/day (25th-75th: 24.5, 
81.9). Vegetables were consumed in salads (73%), as ingredients of composed recipes (22%) and in 
soups (5%). Legumes were consumed by 57% of the participants, its median intake was 12.7g/day (25th-
75th: 0.0, 49.4), used for “menestras” (49%), soups (38%) and salads (13%). Oilseeds were only 
consumed by 12% of the adolescents and the median intake among consumers was 14.5g/day (25th-
75th: 2.7, 20). Urban adolescents were 5 times more likely to consume oilseeds (P<0.01; 95% CI: 1.6, 
14.4) as ingredients for local typical main dishes (75%), cakes (13%) and pure oilseeds (12%). Fish and 
seafood were rarely consumed: only 38% of participants reported any intake, with a median intake of 
57.1 g/day (25th-75th; 28.1, 87.5 g among consumers). Fried fish contributed to 44% of total fish 
consumption, followed by canned fish at 33.5% and fresh fish at 22.4%. Urban adolescents consumed 
more fresh fish and were 7.0 (P<0.01; 95% CI: 2.9, 16.9) times more likely to consume fresh fish than 
rural adolescents. In contrast, rural participants were 2.5 times more likely to eat canned fish (P<0.01; 
95% CI: 1.3, 4.7).  
2.4.2.5 Energy sources at different mealtimes  
Eighty-two-percent of the adolescents had breakfast, mainly composed of refined wheat in form of 
bread, dairy and processed food as sugar and cocoa. The three snack times are rich in processed food. 
Lunch consisted of white rice, processed food in the form of sugar used for juices and milkshakes, meat, 
tuber, vegetable oil, fruit and vegetables. Dinner is similar to lunch but with a lower meat consumption. 
Urban adolescents seemed to drink more milk during breakfast and refreshments. The night refreshment 
was the least important meal as it was consumed by only 18% of the adolescents overall and only by 
12% of the participants in the rural area.  
2.4.2.6 Dietary patterns 
Two dietary patterns emerged from the factor analysis (Table 6). The first is a “rice-rich non-animal fat 
pattern”, which reflects a high intake of white rice, vegetable oil and tubers together with a lower 
contribution of animal fat, dairy products, pre-packaged food and other cereals to the diet. The second 
dietary pattern, a “wheat-dense animal-fat pattern”, is mainly based on refined wheat products, red meat, 
animal fat, dairy and plantain intake with low maize and whole grains consumption. None of the patterns 
appear to be “healthy” as both are rather rich in refined carbohydrates or animal sources. Moreover, 
food groups identified as protective factors such as fruit, vegetables, whole grains and fish were not 
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important constituents of these patterns. Some differences in terms of nutritional content were observed 
between the two identified patterns as illustrated in Table 7. In the case of the “rice-rich non-animal fat 
pattern”, carbohydrates were a more important source of energy, mainly due to carbohydrates other than 
added sugar, (P<0.01 for all). While, protein, fat energy and added sugar supply tend to decreases 
through the score tertiles of the “rice-rich non-animal fat pattern” (fat: P=0.05 for rural and P<0.01 for 
urban) (protein: P=0.04 for all) (added sugar: P<0.01 for all). For the “wheat-dense animal-fat pattern” 
a lower carbohydrate (P<0.01 for all) and fiber (P=0.01 for rural and P<0.01 for urban) intake is 
observed, together with a higher fat (P<0.01 for all), and protein intake (P=0.04 for all) through the score 
tertiles. 
Table 6 Food patterns loadings using food groups’ E%/ day 
Food group "Rice-rich non- 
animal fat pattern " 
"Wheat-dense 
animal-fat pattern " 
White rice  0.8 0.0 
Refined wheat  -0.1 0.5 
Other refined cereals -0.4 -0.1 
Whole grains 0.0 -0.3 
Maize 0.1 -0.5 
Tubers 0.3 0.0 
Plantain 0.2 0.4 
Legumes 0.2 -0.2 
Total fruit 0.0 -0.2 
Vegetables 0.2 0.0 
Poultry 0.1 -0.2 
Red meat 0.0 0.4 
Fish and seafood -0.1 -0.2 
Dairy -0.5 0.3 
Oilseeds -0.2 0.1 
Vegetable oil 0.6 0.4 
Animal fat -0.4 0.4 
Processed food1 -0.5 -0.2 
Coffee 0.2 0.1 
% Variance explained 10.8 19.0 
1Processed food includes sweets; snacks; soft drinks and any other packaged food item; Spices were removed as food groups 
as the factor loading was <0.10 Bold: Factor loadings greater than 0.3 
2.4.2.7 Metabolic risk factors and dietary patterns 
The “rice-rich non-animal fat pattern” was associated with a moderate increase in glucose blood levels 
among urban adolescents (P<0.01), while the “wheat-dense animal-fat pattern” was associated with an 
increment in blood cholesterol (P=0.02) and LDL (P=0.04) among rural participants (Table 8).
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Table 7 Nutrient content (median 25th-75th) of food patterns across the score tertiles 
 Population Tetile 1 Tertile 2 Tertile 3 β % P1 
"Rice-non animal fat pattern” 
Energy (kcal) Rural 1925 [1119;2117] 1516 [1332;1884] 1857 [1551;2177] 14.6 0.02 
 Urban 1853 [1483;2296] 1730 [1418;2073] 2037 [1778;2406] 3.3 0.04 
CH2 (E%) Overall 56.0 [ 51.6; 60.4] 61.2 [ 57.5; 65.1] 63.7 [ 60.4; 67.6] 5.6 <0.01 
  Other CH (E%) Overall 37.5 [ 37.5; 41.7] 44.8 [ 41.1; 48.6] 51.9 [ 46.3; 56.2] 14.5 <0.01 
  Added sugar (E%) Overall 18.2 [ 14.4; 22.8] 15.9 [ 13.0; 19.2] 12.6 [  9.3;  15.5] -16.6 <0.01 
  Fiber (g) Overall 11.0 [  8.0;  15.1] 10.3 [  7.4;  14.0] 12.4 [  8.6;  18.2] 3.8 0.16 
Total fat (E%) Rural 25.3 [ 23.1; 27.8] 22.2 [ 19.7; 23.5] 21.4 [ 17.8; 23.9] -7.0 0.05 
 Urban 28.3 [ 24.7; 32.4] 24.6 [ 21.8; 27.6] 22.0 [ 19.8; 24.5] -11.3 <0.01 
Protein (E%) Overall 14.2 [ 12.7; 15.8] 13.3 [ 11.8; 15.0] 12.7 [ 11.0; 14.7] -2.9 0.04 
Sodium (mg) Rural 1728 [1175;2581] 1842 [1478;2278] 2214 [1829;2775] 20.3 0.01 
  Urban 2356 [1736;3138] 2057 [1666;2697] 2422 [1960;3010] 1.6 0.45 
“Wheat-animal fat pattern”  
Energy (kcal) Overall 1836 [1516;2196] 1772 [1418;2124] 1919 [1585;2263] 0.8 0.53 
CH (E%) Overall 62.2 [57.8;66.8] 60.7 [56.3;64.6] 58.5 [53.9;63.0] -2.6 <0.01 
  Other CH (E%) Overall 47.1 [41.3;52.6] 44.4 [38.9;50.0] 42.2 [35.8;48.1] -3.4 <0.01 
  Added sugar (E%) Overall 15.0 [11.3;19.2] 15.7 [12.9;18.8] 15.5 [12.0;19.6] -1.2 0.58 
  Fiber (g) Rural 15.9 [11.1;24.4] 10.3 [  6.9;13.0] 9.9 [  8.4;15.7] -23.5 0.01 
 Urban 12.9 [  9.3;19.0] 10.7 [  7.0;14.7] 10.0 [ 7.6; 13.2] -13.6 <0.01 
Total fat (E%) Overall 22.4 [19.0;26.6] 24.3 [21.5;27.7] 25.8 [22.8;30.4] 6.8 <0.01 
Protein (E%) Overall 13.1 [11.3;14.9] 13.3 [11.9;15.2] 14.1 [12.0;15.7] 1.0 0.35 
Sodium (mg) Overall 2058 [1613;2745] 2106 [1640;2797] 2454 [1949;3110] 6.0 <0.01 
1P value. 2Carbohydrates. Bold: P values <0.05. Differences testedusing linear regression models adjusted for gender UBN 
and place of residence.  
Table 8 Metabolic risk factors (mean ±SD) per food pattern across the score tertiles 
 Population Tertile 1 Tertile 2 Tertile 3 β % P1 
"Rice-non animal fat pattern 
BMI2 (kg/m2) Overall 20.6 ±3.2 20.2 ±3.2 20.0 ±2.9 -12.7 0.41 
Waist circumference (cm) Overall 71.0 ±8.3 69.2 ±8 70.3 ±7.7 -19.6 0.57 
SBP3 (mmHg) Overall 102.2 ±9.7 101.3 ±10.2 101.3 ±10.1 -23.6 0.58 
DBP4 (mmHg) Overall 62.8 ±8.8 62.1 ±8.8 62.0 ±8.6 -23.5 0.51 
Glucose (mg/dL) Rural 73.7 ±3.5 73.6 ±9.0 72.6 ±8.8 -1.5 0.41 
 Urban 72.7 ±7.2 77.3 ±21.4 77.9 ±10.4 3.3 <0.01 
Triglycerides (mg/dL) Overall 90.9 ±56.7 105.5 ±61.6 97.5 ±45.9 1.4 0.80 
Cholesterol (mg/dL) Overall 144.4 ±27.1 150.3 ±28.8 145.9 ±38.9 -1.4 0.95 
HDL (mg/dL) Overall 52.8 ±12.8 50.1 ±12.0 47.1 ±11.1 -3.7 0.93 
LDL (mg/dL) Overall 73.4 ±22.1 79.0 ±24.0 79.3 ±36.6 -0.9 0.93 
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Table 8 continued  
 Population Tertile 1 Tertile 2 Tertile 3 β % P1 
"Wheat-animal fat pattern"  
BMI2 (kg/m2) Overall 20.3 ±3.1 20.4 ±3.2 20.2 ±3.1 -7.9 0.51 
Waist circumference (cm) Overall 70.0 ±7.7 70.2 ±8.3 70.3 ±8.1 1.5 0.97 
SBP3 (mmHg) Rural 99.9 ±6.5 99.3 ±11.1 99.0 ±10.2 -70.8 0.06 
 Urban 102.3 ±9.9 101.9 ±9.9 102.6 ±9.8 17.1 0.69 
DBP4 (mmHg) Overall 62.4 ±8.7 62.0 ±8.6 62.5 ±8.9 -17.2 0.83 
Glucose (mg/dL) Overall 74.0 ±8.2 76.5 ±18.9 74.0 ±8.6 -0.2 0.98 
Triglycerides (mg/dL) Overall 100.0 ±58.6 99.4 ±57.1 94.7 ±48.6 2.2 0.58 
Cholesterol (mg/dL) Rural 137.0 ±45.4 152.4 ±33.2 155.2 ±33.9 3.7 0.02 
 Urban 144.8 ±25.9 149.3 ±26.9 137.4 ±41.4 -1.9 0.20 
HDL (mg/dL) Overall 49.0 ±12.6 51.0 ±12.3 49.5 ±11.3 -0.3 0.86 
LDL (mg/dL) Rural 74.5 ±26.6 79.4 ±26.8 87.8 ±31.7 8.4 0.04 
  Urban 73.3 ±21.9 78.9 ±22.8 71.6 ±39.2 4.3 0.17 
1P value. 2 Body mass index .3 Systolic blood pressure. 4 Diastolic blood pressure. Bold: P values <0.05. Differences tested 
using linear regression models adjusted for gender UBN and place of residence.  
2.5 Discussion 
This group of adolescents appears to be in full nutritional transition. Our findings indicate the need to 
consider adolescents' health in the primary health care actions. The understanding of the distribution of 
metabolic risk factors and dietary behaviors using local evidence is crucial for the development of 
appropriate health promotion interventions. High prevalence of metabolic risk factors such as 
overweight, obesity, abdominal obesity and dyslipidemia were found. Moreover, fiber, fish and fruit and 
vegetables were scarcely consumed, while added sugar, refined cereals and processed food were 
important constituents of the diet. This leads this group of adolescents at a higher risk for CVD and other 
NCDs development. 
2.5.1 Metabolic risk factors 
Our overweight and obesity prevalence (20.1%) is lower than the Mexican, Chilean (35%) (19), USA 
(114) or European countries reports (115), higher than the prevalence as found in Colombia (16.7%) 
(19), but similar than the Brazilian reports (20%) (19). Worryingly, a considerable share (19.7%) of 
adolescents was diagnosed with abdominal obesity. This figure is lower than the prevalence reported in 
Mexico (27.9%) and Brazil (32.7%), but higher than that of Argentina (13.9%) (20). Overweight and 
obesity are associated with atherosclerosis and a high prevalence of subclinical disease, which increases 
the risk of CVD. In addition, the development of type 2 diabetes mellitus is positively associated with 
early weight gain (116).  
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Prevalence estimates of pre-hypertension and hypertension (6.2%) were lower than those from the USA 
(20%) (117) and Mexico (20%) (118). Hypertension can be considered as the most important risk factor 
linking obesity with the development of CVD in adults (119). Boys had a higher prevalence of risk 
levels of blood pressure than girls (9.4% vs. 3%), Similarly, a meta-analysis of the prevalence of high 
blood pressure among adolescents concluded that boys show higher values of blood pressure (23), which 
could be attributable to the role of androgens in the development of hypertension (120). Besides, sodium 
intake was also high among boys compared with girls in our sample. Sodium intake has been strongly 
correlated with high blood pressure in previous reports (121, 122).  
Overall, biochemical values are comparable to those reported in other Latin American LMICs (123-
125). Similarly to what we found for BMI, girls had higher triglycerides plasma levels than boys. 
Evidence from the literature shows that as BMI raises over 21 kg m2, dyslipidemia raises progressively 
(126). As described in Chapter 1, the presence of an abnormal blood lipid profile during adolescence 
constitutes an important risk factor for the development of CVD and other NCDs later in life.  
2.5.2 Dietary intake 
2.5.2.1 Protective food groups and nutrients 
Only 11% of the participants reached the recommended fruit and vegetable intake of 400 grams per day, 
which is lower than the intake reported in European children (127). One question that arises is why this 
group of adolescents consumes such a small amount of fruit and vegetables as Ecuador is considered 
one of the most bio-diverse countries in the world (128) and availability of this food group does not 
seem not to be an issue. The focus groups performed in adolescents from Cuenca and Nabón suggested 
that the low fruit consumption is a consequence of a large abundance of competitive foods (junk food), 
lack of fresh fruit offered in schools, the preference for tasty food poor in nutritional quality and peer 
acceptance (fear of embarrassment) (68). Additional analysis identified an inverse association between 
food safety and intake of processed food during snacks which could be an indication on avoidance of 
fruit and vegetable intake secondary to food safety concerns (76). 
Similarly, whole grains were scarcely consumed, which together with the low fruit and vegetable intake 
is reflected in a considerably low total fiber intake. Instead, refined cereals such as white rice and refined 
wheat were important sources of carbohydrates. A low whole grain and fiber consumption has been also 
reported among US (15, 129) and Mexican children and adolescents (92). Low whole grain intake has 
been strongly and positively correlated with cardiovascular risk factors, atherosclerosis and the 
occurrence of CVD (86), whilst energy intake from refined carbohydrates is positively correlated with 
the prevalence of type II diabetes (86). The reasons for not consuming whole grains according with the 
focus groups performed during the needs assessment seems to be a complete lack of knowledge of the 
beneficial effect of this food group. Nobody mentioned whole grains as a healthy food group in any of 
the focus groups performed (68).  
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Fish was also poorly consumed, a practice noted among adolescents from other countries such as US 
(15). Fish consumption has been moderately linked with a protective effect against fatal coronary heart 
disease (87). Specifically a cohort study suggested that the consumption of baked or boiled, but not fried 
fish is linked with a lower risk of death for ischemic heart disease (111). Oilseeds were also scarcely 
consumed and not often in a pure form. This leads this group of adolescents at risk of death and coronary 
heart disease (130, 131). In total, 2.5 million deaths worldwide were attributable to low intake of nuts 
and seeds in 2010 (131). Prospective data suggest that the risk of coronary heart disease death is 8.3% 
lower per each 30g of nuts consumed weekly (130). As with whole grains, the participants of the focus 
groups did not mention fish or oilseeds within healthy food groups. 
2.5.2.2 Harmful food groups and nutrients 
A high consumption of added sugar from fresh-fruit-juices followed by soda and bread was reported. 
These findings are similar to the added sugar consumed by US children and adolescents (132), with the 
only difference being that in the US population soda is the main source of added sugar followed by fruit 
drinks and grain desserts. Sweetened beverages intake could be correlated with increased energy intake, 
increased body weight and type II diabetes (92, 133, 134).  
Processed food was an important source of energy among the study population, confirming previous 
estimates in LMICs (135). Initially, the intake of these foods is higher in wealthy groups, but 
consumption in poorer populations has steadily increased since the emerging nutrition transition (135). 
Our results confirm this and show how participants from the better off group got more energy from 
added sugar and pre-packaged food. Additionally, urban adolescents and those in the better off group 
had a higher energy contribution from animal sources than their rural and poor peers. Nevertheless, these 
differences were small and indicate how the diet in rural areas is becoming increasingly similar to that 
of the urban areas. 
Sodium intake is also high among these adolescents, but still lower than the estimates from US (136). 
Considering that this nutrient tends to be underestimated using a 24-hour recall (137), the already high 
proportion of adolescents exceeding the recommended sodium intake is a concern. Although sodium 
intake was high, we did not find any association with high blood pressure, a finding previously observed 
among children and adolescents (data not shown). There is still a debate with regard to the relationship 
between sodium intake and high blood pressure in young people, especially since RCTs performed in 
adolescents have shown only a small effect of sodium intake on blood pressure levels (138). This lack 
of relationship is probably the result of the methods used to estimate sodium intake and the short duration 
of RCTs (138).   
Adolescents expressed their preference for sugary drinks and sweets during the focus groups 
discussions. All the audiences included recognized the large availability of this kind of food at school 
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and outside the school and the influence of social media. In addition the financial autonomy reached at 
high school was also an influential factor for the consumption of harmful food groups (68). 
2.5.2.3 Dietary patterns  
The diet of the studied population is low in fruit, vegetables whole grains and fiber, but rich in processed 
food, added sugar and sodium. This pattern is comparable with the diet of adolescents from other 
countries such as the US (15) and Mexico (92). Nevertheless, we can identify some peculiarities, the 
carbohydrate intake is higher than that reported by Mexican adolescents (61 vs 52%) while protein and 
fat intake was lower in our sample. Carbohydrate intake is also high in neighboring countries, i.e. Bolivia 
and Peru (Baya Boti Ana, unpublished data; Javier Hidalgo Miguel, unpublished data), as well as in 
Asian countries (139). The main carbohydrate and daily energy source is white rice, a seed highly 
consumed in the Asian region as well (139). The replacement of one serving of rice with vegetables, 
fruit and whole grain bread has been associated with lower ischemic heart disease mortality in the Asian 
populations (139), stressing the importance of promoting a balanced diet in this group of Ecuadorian 
adolescents. 
2.5.2.4 Dietary patterns and metabolic risk factors 
Although the idea behind the identification of dietary patterns was to identify underlying patterns 
possibly related with metabolic risk factors, the two retained patterns are rather similar. None of the 
patterns seem to be “healthy” and both share important risks such as high content of refined 
carbohydrates or animal sources and poor content of fruit, vegetables, whole grains and fish. This 
suggests that the whole group is homogeneously consuming an unhealthy diet and highlights the 
importance of implementing health promotion programs among all the studied groups. Anyhow we did 
identified modest correlations between the dietary patterns that should be considered in future studies 
and in health promotion programs. 
Among rural participants we found a positive correlation between LDL and cholesterol and the “wheat-
dense animal fat pattern”, a pattern of higher fat and lower fiber intake. Previous studies have described 
a strong correlation between fiber intake and cholesterol levels and studies conducted in animal models 
suggest that fiber intake increases bile acid degradation and loss, thus decreasing the amount of 
cholesterol available for LDL synthesis (86). A large prospective study demonstrated associations 
between carotid intima media thinness and LDL blood levels during childhood, suggesting that children 
at the higher LDL quartiles are at higher risk of CVD (140). Furthermore, autopsies performed in 
children and adolescents have also shown associations between total cholesterol and LDL levels and 
atherosclerosis (140).  
On the other hand the “rice-rich non-animal-fat pattern” was correlated with a small increment of blood 
glucose among urban adolescents. Type II diabetes is the leading cause of death in the Ecuadorian 
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population (38), although, the mean blood glucose values in the higher tertile of this pattern are within 
the normal ranges, a study performed in young men concluded that subjects in the higher quintiles of 
normal fasting blood glucose are four times more likely to develop diabetes than those in the lower 
quintiles (141). We cannot identify the “rice-rich non-animal-fat pattern” as a risk factor for diabetes 
development, but the fact that glucose plasma level tend to increase from tertile 1 to the tertile 3 may 
help to identify dietary characteristics related with increments in plasma blood glucose. The 
predominance of refined cereals as carbohydrate sources (white rice), the poorer intake of protein and 
lack of whole grains maybe responsible of the higher glucose plasma level in the higher tertiles of this 
pattern. The poor protein content may decrease the clearance of glucose from blood (112). In the other 
hand, foods rich in refined carbohydrates may displace whole grain intake (139),  depriving their 
protective effect  of reducing glucose response, and insulin sensitivity (86), furthermore, a systematic 
review of prospective studies concluded that the intake of two serving per day of whole grain cereals 
may decrease the risk of type II diabetes in 21% (142). 
Although glucose levels are within normal ranges and only a small proportion of participants show high 
glucose blood levels (66), it seems that dietary patterns with a higher refined carbohydrate content are 
correlated with an increment in glucose blood levels among urban adolescents. Meanwhile diets richer 
in fat and lower in fiber are positively correlated with LDL and cholesterol blood concentrations among 
rural participants.  
2.5.3 Implications for health promotion programs 
Evidently, adolescent from both urban and rural areas as well as the better-off and the poor groups suffer 
a large burden of CVD risk factors. The reported prevalence of metabolic risk factors together with the 
poor dietary intake demonstrates the need to design and implement health promotion programs targeting 
the entire population. Anyhow some differences by socio-economic status and by place of residence 
should be considered before the design of school-based promotion interventions in the research area. 
2.5.3.1 Differences in metabolic risk factors and dietary intake by UBN and place of residence 
Our data shows a higher prevalence of overweight and obesity among adolescents belonging to the 
better-off group. These findings are similar to those reported in Bolivia (143) and with more recent data 
(2014) generated in Ecuador (40). During the nutrition transition, overweight initially affects the more 
wealthy members with a further spreading of the disease burden to lower socioeconomic strata (144). 
When the burden of CVD finally settles in lower socioeconomic groups, it proves to be very persistent 
(145, 146). One question that arises is why overweight/obesity is higher in the better-off group, while 
dyslipidemia is higher in the rural area. We expected to find a higher prevalence of dyslipidemia in the 
urban area. One study conducted in Mexican adolescents equally showed a higher occurrence of 
overweight/obesity in the urban areas, with a predominance of dyslipidemia among rural adolescents, 
mainly because of elevated triglycerides and low HDL concentrations (125). Our findings are similar 
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with risk levels of triglycerides and HDL being significantly higher among the rural adolescents. We 
hypothesize that rural participants were more recently exposed to a diet poor in fiber, which may have 
a greater effect on their lipid profiles. A previous study has argued that at the early stages of exposure 
to ‘Westernized’ diet biochemical parameters and in particular COLT increase more rapidly (147). The 
ethnic differences between the rural and urban studied population are also important. The last national 
demographic survey, showed how an estimated 32% of the population in Nabón was considered 
indigenous while this is only 1% in Cuenca (148). A third explanation might be an epigenetic mismatch 
between the predicted and actual mature environments. This infers that underweight during prenatal and 
early post-natal life programs leads towards a greater susceptibility to develop chronic diseases when 
exposed to the diets and lifestyles associated with advanced levels of the nutrition transition (149). In 
conclusion, before designing and implementing health promotion programs targeting adolescents living 
in Nabón, new research should identify the real causes of this health problem in order to implement 
appropriate and relevant strategies. 
As discussed before, adolescents in the better-off group ate more processed food and added sugar 
compared to the poor. Remarkably, these foods were more frequently consumed as snacks either at home 
or at school. Data originated during the needs assessment indicated that financial autonomy was a 
predominant influential factor among adolescents in the higher socio-economic strata. The pocket 
money usually provided by parents/guardians is commonly used to buy food with poor nutritional 
quality. In contrast, parents in the lower socio-economic strata reported that when they are not able to 
provide pocket money, their children bring food from home (68). Still one should consider that the 
differences in processed food and added sugar intake between poor and adolescents in the better-off 
group are small and availability of healthy food at home is also a concern. 
Urban adolescents were more likely to consume whole fruit, fresh fish and oilseeds in comparison with 
their rural pairs. The results of the focus groups discussions may help to understand these differences. 
In contrast with the rural area, urban parents and adolescents expressed that healthy food is ready 
available and cost is not an issue (68). 
Based in the described information, four main decisions were taken: the school-based health promotion 
intervention should (i) involve school and home settings, (ii) include participants from different socio-
economic backgrounds, (iv) address various influential factors for different socio-economic populations, 
(iii) target various CVD risk factors, and, (iii) be implemented in the urban area. The research team 
decided not to design and implement the intervention in the rural area as availability and financial 
concerns were beyond the scope of a research program. 
As described in Chapter 1, this information was combined with the IM and the CPPE to define the final 
intervention objectives and strategies described in Chapter 3 (76). 




We acknowledge some limitations in this study. The present analysis is cross-sectional and hence limits 
the findings to the level of associations. Nonetheless, the metabolic parameters indicate that important 
changes have occurred and that quite a considerable number of adolescents are at risk. 
These results can only be extrapolated to adolescents from Cuenca and Nabón. However, our results 
clearly indicate the need for more and particularly national studies to identify the prevalence of CVD 
risk factors in the Ecuadorian adolescent population. Adolescents living in other rural areas should be 
included in future studies in order to confirm our particular findings for these areas. It is important to 
note that we used international reference values since national cut-offs are not available. One Bolivian 
study noticed that international references overestimated overweight and obesity in adolescents (150). 
In addition, ethnic differences between rural and urban adolescents could exist as there is no formal 
identification and classification system for ethnicity in Ecuador and we were unable to carry out further 
analyses to detect ethnic differences in the risk factors studied. In addition blood samples were taken 
only in a subsample. 
We could not compile information on saturated fat content of all the foods consumed. This is unfortunate 
as the type of fat is vital to the reduction of LDL cholesterol and concomitant reduction in risk of 
coronary heart disease (151). 
2.7 Conclusion  
Several metabolic risk factors and dietary practices conducive to CVD and other NCDs development 
were identified. Effective strategies are needed to prevent CVD and other NCDs in this group of 
Ecuadorian population by encouraging a balanced diet, which contains less refined cereals, added sugar, 
and processed food, but more fruits, vegetables and whole grain cereals. Such strategies should involve 
school and home settings, include participants from different socio-economic background and target 
various CVD risk factors.
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Objective: To evaluate the effect of the ACTIVITAL school-based health promotion intervention 
program on risky dietary behaviors, BMI, waist circumference and blood pressure among school-going 
Cuencan adolescents. 
Methods: A pair-matched cluster randomized controlled trial including 1430 adolescents (12-14 years 
old) was conducted in urban Ecuador (Cuenca). The program aimed at improving dietary intake and 
physical activity (primary outcomes), BMI, waist circumference and blood pressure (secondary 
outcomes). The outcomes were reported after 28-months, and at the first 17-months (stage one) and the 
last 11-months (stage two). Two educational tool-kits and healthy eating workshops with parents and 
canteen staff were implemented. 
Results: Data from 1079 adolescents in 20 schools were analyzed. Daily fruit and vegetable [23.4g, 
95% CI: 7.28, 40.3] intake increased, while processed food intake during snacks [-23.3g, 95% CI: -
45.3,-1.40] and added sugar [-5.6g; 95% CI:-9.80,-1.68] intake decreased during the trial. Waist 
circumference, [-0.84 cm; 95% CI: -1.68, 0.28], systolic [-3.64 mmHg; 95% CI: -4.48,-2.52] and 
diastolic blood pressure [-1.96 mmHg; 95% CI: -3.08,-0.84] decreased after 28 months. The effect of 
the intervention was mainly observed at stage one and attenuated at stage two.  
Conclusion: An evidence and theory-based culturally appropriated school-based health promotion 
intervention improved several risk factors after 28 months in a group of adolescents from an upper-
middle-income country. This data provide new evidence for adolescents living in LMICs 
Keywords: RCT, diet, school, adolescents, Ecuador  
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3.2 Introduction  
The risk of CVD and other NCDs is attenuated by reducing body weight and blood pressure, increasing 
physical activity, improving physical fitness, supporting diets rich in fruit and vegetables, grains and 
nuts, and restricting sugared beverages and sweets intake (11, 34, 87, 152, 153). In Ecuador, type II 
diabetes, hypertension and stroke are leading causes of death (154), with a larger disease burden in the 
urban areas (40). Overweight, obesity and dyslipidemia (66), together with diets poor in fiber, fruit and 
vegetables, and high in added sugar, refined cereals and processed food (67) are prevalent in Ecuadorian 
adolescents. 
Prevention is urgently needed to tackle this increasing burden of NCDs (5). Interventions focusing on 
education and improvements in the food environment have proven to be effective to reduce the risk of 
NCDs (5, 43, 155). Schools are suitable settings to implement preventive interventions for adolescents 
as they allow tackling of environmental drivers (43) with respect to dietary intake and its determinants 
(44). However, school-based lifestyle interventions in LMICs have methodological and conceptual 
flaws i.e. they are often not theory- and evidence-based or adapted to the specific context (155).   
We conducted a pair-matched cluster randomized controlled school-based trial called “ACTIVITAL”, 
aimed at improving dietary intake and physical activity in a sample of school-going Ecuadorian 
adolescents.  To our knowledge, the ACTIVITAL trial is unique as (i) it was tailored to the local context 
using a theoretical framework and participatory approaches and (ii) it targeted multiple risk factors for 
NCDs. This paper reports the overall effect of the trial after 28 months on dietary intake (primary 
outcome), BMI, waist circumference, and systolic and diastolic blood pressure (secondary outcomes).  
3.3 Methods 
3.3.1 Randomization and sample size 
This study was conducted in 20 schools in the urban area of Cuenca. A pair-matched cluster RCT was 
designed with the schools (the clusters) as units of randomization. A cluster design was preferred as this 
avoids spillover effects between treatment groups (156). Schools were matched on baseline 
characteristics (at cluster level) identified as potential influencers of the trial outcomes. This allowed to 
ensure comparability of groups and potential gains in study power (156). Schools were eligible if (i) 
they had 8th-10th basic education grades and 1st-3rd high school years within the same campus, (ii) were 
located in the urban area of Cuenca, and (iii) had at least 90 students enrolled in the 8th and 9th grade in 
order to reach the desired sample size of 70 students per school. In total, 108 eligible schools were 
registered at the local Direction of Education of which 31 operated in the rural area, and 28 did not meet 
the criteria of having at least 90 students. From the remaining 49 schools, 28 were pair-matched by size 
(total number of students), type (public-private), school gender (single gender or co-ed schools) and 
socioeconomic status (monthly fee). The other schools (n=21) did not have a matching pair. A sample 
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of 10 pairs was selected. To be selected, pairs needed to have the same type, the same gender and no 
more than a 15% difference in size and 30% difference in socioeconomic status. The remaining 4 pairs 
were used as a backup in case schools did not agree to participate. Within the 10 pairs, each school was 
randomly assigned to either to the treatment group or the control group, using random numbers in Stata 
12.0 by a researcher who was not directly involved in the implementation. Adolescents and school staff 
were not aware about the existence of a counterfactual school. Blinding of assessors was not possible 
due to the nature of the study. In any case, field workers of outcome measurements were unaware of the 
existence of intervention and control schools to the extent possible. 
In each school, two 8th and two 9th grades were randomly selected. All adolescents from these grades 
were invited to participate and 70 students were selected at random. Only adolescents with a signed 
written consent from their parents/guardians and an informed assent signed by themselves were included 
in the final sample. Students were excluded prior and during the intervention if they were pregnant or 
suffered from a chronic medical or physical disorder which may have interfered with a normal diet or 
physical activity performance, e.g. Crohn's Disease or severe physical disability. A total of 10 matched 
pairs of schools including an average sample of 65 children per school considering a Type I error of 5%, 
a coefficient of between-cluster variation Km of 0.15 and a power of 80%, enabled detecting a decrease 
of 10% of the energy percentage derived from fat (81). This corresponded to a total sample size of 1300 
adolescents in 20 schools. Considering an expected 10% dropout we sampled 1401 adolescents. The 
CONSORT guidelines were followed to report this study (83) (Appendix 5). 
3.3.2 Intervention 
3.3.2.1 Intervention design  
As described in Chapter 1, the results of the needs assessment were used to ensure appropriateness of 
the intervention to the target population.  
The intervention was developed through the IM (77) and CPPE approach (78) This process resulted in 
specific intervention objectives: adolescents (i) decrease their sugar intake, (ii) increase their daily fruit 
and vegetable intake, (iii) decrease their unhealthy snack intake, (iv) increase their healthy breakfast 
intake, and schools, (v) offer more healthy food at their food-tuck shops. These objectives were 
translated into intervention strategies and activities integrated into two intervention components: a 
curriculum-based component and an environment-based component incorporating two intervention 
packages, further referred to as intervention package 1 and 2 (Table 9). The curriculum-based 
component consisted of the implementation of an educational tool-kit, while the environment-based 
component involved workshops with parents and food-tuck shop staff, and social events; all of these 
differed based on intervention stage (Table 9). Strategies targeting physical activity are not presented 
in this thesis.        
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3.3.2.2 Intervention strategies and components 
In the control group schools, no additional activities other than the existing national curriculum followed 
by health science school teachers were covered including food groups (the food pyramid), physiology 
of nutrition and digestion, nutrients structure and nutritional disorders. These topics are addressed in 
two lessons throughout the entire school year. 
In the intervention schools, the ACTIVITAL program was implemented in two stages. Briefly, the stage 
one comprised three activities: (i) participatory workshops with school staff and adolescents in order to 
assure the cooperation throughout the process and to revise the implementation strategy, (ii) healthy 
eating introductory workshops with school staff and adolescents, and (iii) the implementation of 
intervention package one (Table 9). Stage two only included the implementation of intervention package 
two.   
3.3.3 Outcomes  
Dietary intake was a primary outcome of this study, in concordance with the intervention objectives the 
outcomes are the intake of fruit and vegetables, added sugar, energy contribution from fat, processed 
food intake during shacks, intake of processed food consumed and prepared at school and breakfast 
intake. BMI, waist circumference and blood pressure were the secondary outcomes. Sodium intake was 
not included within the intervention objectives, but this outcome is analyzed to enable interpretation of 
the effects on blood pressure.  
All measurements were performed by trained staff (medical doctors, nutritionist and health related 
professionals). The staff received 40 hours of training prior to taking measurements. Measurements were 
performed at baseline and after stage one and two, at 17 and 28 months, respectively (Figure 6).  
Dietary intake was estimated by means of two interactive 24h dietary recalls conducted during two 
randomly chosen weekdays. The average of the two days was used for the final analysis. Portion sizes, 
recipes and the compilation of the food composition database were performed following the same 
procedure as described in Chapter 2.  
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Table 9 The ACTIVITAL intervention packages, components and strategies to improve dietary intake 
Intervention 
component 
Intervention strategy Providers Target population Support material  Number of meetings /content 
Intervention package 1 (September 2010 – February 2011)  
1. Curriculum-
based component  
Implementation of an 
interactive educational 
tool-kit: Classes 
performed every two 
weeks  
Life science school 
teachers as 
volunteers or external 
teachers if the school 
teacher did not 
participate 
Adolescents (8th and 
9th grades) 
Booklets, games, 
didactic material  
1. Food pyramid 
2. Healthy eating (introduction) 
3. Healthy breakfast 
4. Healthy snacking 
5. Sugary drinks 
6. Game. Financial autonomy 
2. Environment-
based component 
2.1 Food-tuck shop 
workshops 
ACTIVITAL staff Food-tuck shop staff Recipes, leaflets, 
books, food for recipe 
preparation. 
1. Identification of needs and problems 
2. Prioritization of needs and problems 
3. Introduction to food safety 
4. HACCP and recipe development  
5. Food pyramid 
6. Cooking skills 
7. Food preparation 
8. Breakfast, snacks, sugary drink 
alternatives and fruit and vegetable 
preparation 
9. National legislation, adaptation and 
implementation 
10. Management of the food-tuck shop 
 2.2 Parental workshops ACTIVITAL staff Parents of children 
participating in the 
intervention 
Booklets based on the 
curriculum based 
component 
1. Food pyramid 
2. Breakfast, snacks and sugary drinks 
3. Healthy eating and physical activity 




Adolescents (8th and 
9th grades) 
Books, food, utensils, 
blackboards. 
1. Students prepare a healthy breakfast 
at school in small groups 





Intervention package 2 (September 2011 – February 2012) 
1. Curriculum-
based component  
- Application of an 
interactive educational 
tool-kit: Classes 
performed every two 
weeks 
-Life science school 
teachers as 
volunteers or external 
teachers if the school 
teacher did not 
participate 
Adolescents (10th and 




2. Food labels 
3. Portion sizes 
4. Fruit and vegetables 




2.1 Food-tuck shop 
workshops 
ACTIVITAL staff Food-tuck shop staff Recipes, leaflets, 
books, food for recipe 
preparation. 
1. Portion sizes and nutritional 
guidelines 
2. Healthy menu planning 
3. Analysis, evaluation and discussion 
of --implanting healthy menus 
 2.2 Parental workshops ACTIVITAL staff Parents of children 
participating in the 
intervention  
Booklets based on the 
curriculum based 
component 
1. Portion sizes 
2. Food labels and advertisements 
   Intervention package 1 (September 2010 – February 2011)       Intervention package 2 (September 2011 – February 2012)
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3.3.3.1 Primary outcomes 
 Fruit and vegetables 
Fruit intake included raw fruit and fruit used in juices or any other preparation. Vegetables included 
dark green, red and orange vegetables, either raw or boiled. Beans, peas or starchy vegetables were not 
included in the vegetables group. Fruit and vegetables were classified as one food group reported as 
g/day consumed. The food group classification corresponds to that of the Health Department of Mexico 
(Chapter 2) (110). 
 Added sugar intake 
Added sugar included all sugars in processed or prepared food and excluded sugars present naturally in 
food (88). Added sugar content was not available in the USDA or the Mexican databases for 271 of the 
total 872 food items reported. Data on added sugar of these food items were obtained from food labels 
(n = 175 food items), by extrapolating the sugar content from food items with similar nutritional 
characteristics (n = 73 food items) or by using the information of standardized recipes (n = 23 food 
items). Added sugar intake is reported as g/day. 
 Processed food consumed at snacks 
First snacking time was defined following the same procedure as described in Chapter 2. Then all the 
processed food recipes consumed during snack timing were identified applying the classification as 
described in Chapter 2. (Sweets, salty snacks, fast food and soft drinks were considered as processed 
food). Finally the processed food consumed per day during all the snacks (morning, afternoon and night 
snacks) was calculated. Processed food intake during snacks is reported as g/day. 
 Intake of processed food prepared and consumed at school 
This outcome was estimated by identifying all the processed food recipes reported to be prepared and 
consumed at school. The intake of processed food prepared and consumed at school was reported by 
less than 50% of the participants and data are presented as a dichotomous variable (0 = non-consumers, 
1 = consumers). 
 Breakfast intake 
Breakfast time was defined following the same procedure as described in Chapter 2. Breakfast intake 
is reported as a dichotomous variable (0 = non-consumers, 1 = consumers). 
 Energy from fat and sodium 
Energy from fat is reported as energy %/day and sodium intake is reported in g/day. 
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Figure 7 Flowchart of the trial 
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3.3.3.2 Secondary outcomes 
 BMI and waist circumference 
Body weight, height and waist circumference were measured following the same procedure described 
in Chapter 2. BMI was calculated as weight/height2 (kg/m2).  BMI z-score was calculated using the 
World Health Organization standards (157, 158).  
 Blood pressure 
Systolic and diastolic blood pressure was measured as described in Chapter 2. Normal blood pressure, 
pre-hypertension and hypertension were defined as average systolic and/or diastolic blood pressure < 
90th, ≥ 90th and ≥ 95th percentile for age sex and height, respectively (159).  
 Socio-demographic characteristics  
Adolescents were allocated to one of two groups: ‘Poor’ and ‘Better-off’ as described in Chapter 2. 
The following extra questions based on the national census (160) about remittances and snack allowance 
were asked: ‘Does the family receive remittances from abroad?’ ‘Does the adolescent receive a daily 
snack allowance?’ and ‘How much does the adolescent receive for his/her snack allowance?’ Age was 
obtained from the reported date of birth. 
3.3.4 Additional data 
We carried out a sensitivity analysis by adjusting the intervention effect on BMI z-score. Effects on 
physical activity, sedentary behavior and fitness of the trial are presented in a separate thesis. We could 
not adjust our analysis for physical activity as these outcome was measured only in a subsample of 181 
adolescents (161). 
3.3.5 Data analysis  
Descriptive data are reported as proportions, means with SD, or medians with 25th and 75th using all the 
available data per follow-up time point and after adjustment for the cluster design (by using the svy 
command in Stata). Differences adjusted for cluster design between dropout and data retained for 
analysis were assessed using linear regression models adjusted for treatment allocation and matching 
pairs.  
An intention-to-treat analysis was performed to evaluate the intervention effect. The overall effect after 
the full intervention period was assessed using linear mixed models. The models were adjusted for 
baseline differences between the treatment and the control group by excluding the treatment allocation 
main effect (162): 
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𝑦 ~𝛽0 + 𝑢1,𝑖 + 𝑢2,𝑗 + 𝛽1 𝑠𝑒𝑥 + 𝛽2𝑈𝐵𝑁 + 𝛽3𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝛽4𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛
∗ 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝑢3,𝑖𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 + 𝑢4,𝑗𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 
Where y is the effect per month of intervention, 𝑖 the school pairs (1, 2, 3…….10) and 𝑗 the adolescents (1, 2, 
3…….1079) 
The models comprised the school pair and participants as random effect. The treatment allocation was 
nested as a random slope within each pair. Adolescent’s sex and UBN at baseline were included as fixed 
effects. The effect of the intervention was evaluated by testing the interaction term between follow-up 
time (in months) and treatment allocation. The results of the interaction term between the treatment 
groups with time (in months) were multiplied by 28 (duration of the trial) to calculate the overall 
intervention effect. Therefore, the reported differences between intervention and control group 
correspond to the effect after the whole program implementation and indicates the mean differences for 
continuous dependent variables and the proportion difference for dichotomous outcomes between the 
treatment and the control group (163). The Akaike-Schwartz criterion was used to select the optimal 
covariance structure for the random effects (164). Goodness-of-fit of the models were tested by the 
following procedure: Models were compared using likelihood-ratio test to assess which models provided 
a better fit. Residual distributions were also assessed. As a numerical estimation of goodness-of-fit is 
unavailable in Stata, the graphical inspection of residuals provides a safer way of assessing the goodness-
of-fit.  
3.3.5.1 Additional analysis 
As intervention stages one (17 months) and two (11 months) were considerably different in timing, 
strategies and content (Figure 6 and Table 9), their effect was also estimated separately. Regression 
spline mixed effects models were used for this purpose, accounting for the effects of clustering by 
individual and school. One knot (the point of time where the slope of the linear function changes) was 
defined at the mean time (in months) of the first follow-up data collection (17 months). The Stata 
command “mkspline” was used to create two auxiliary variables (time in months 1 and time in months 
2). These models were constructed in a similar way to those assessing the total effect, but this time, the 
interaction terms between time1 and treatment allocation and time2 and treatment allocation” were 
added as covariates. The Beta coefficients of these interaction terms were multiplied by 17 for the first 
stage and by 11 for the second stage, corresponding to the respective duration of both stages.  
We assessed the influence of missing data on our outcomes with a P<0.1. For this purpose, we used a 
multiple imputation strategy using chained equations (n=50 imputations) to impute the missing outcome 
data under the assumption of ‘missing at random’. Predictors for the regression models for the 
imputation were adolescent’s sex, UBN and BMI z-score at baseline. Data management and statistical 
analysis were conducted using Stata 12.0 (Stata Corporation, Texas, USA). Statistical significance was 
set at 5% and all tests were two-sided. 




A total of 1430 adolescents from 20 schools were recruited (Figure 7). There were relatively more girls 
than boys (66% vs. 59%) in the intervention group (Table 10). More participants in the intervention 
group received remittances from abroad (24% vs. 17%). Outcome data at baseline and the two follow-
up periods are reported in Table 11. At baseline, adolescents from the intervention group consumed on 
average more fruit and vegetables (7%).  Adolescents in the control group however, consumed more 
processed food during snacks (11%). Appendix 6 provides figures of the changes in the mean dietary 
intake outcomes by treatment group and over time.  
Table 10 Baseline characteristics at individual and cluster level 
 Intervention group Control Group 
Individual level n Mean ±SD or % n Mean ±SD or % 
Age (y) 696 12.9±0.8 692 12.9±0.8 
Girls (%) 702 66.2 699 58.2 
Better-off (%) 670 68.2 655 67.5 
Weight (kg) 691 44.3±9.6 692 44.0±8.8 
Height (cm) 691 148.9±7.2 692 149.0±7.9 
BMI (kg/m2) 689 19.8±3.3 692 19.7±2.9 
Overweight (%) 683 16.3 687 17.5 
Prehypertension (%) 679 5.7 685 5.8 
Hypertension (%) 679 2.0 685 3.0 
Remittances from abroad (%) 643 23.8 636 16.5 
Snack allowance (%) 651 82.5 643 82.9 
Amount of snack allowance ($) 642 0.9±0.6 653 0.9±0.6 
Education of the father (years)  568 12.1±4.8 571 12.2±4.9 
Education of the mother (years) 611 11.8±4.7 613 11.5±4.8 
Cluster level1 n Median (25th-75th) or % n Median (25th-75th) or % 
Students per school (n) 10 751 (335-1169) 10 787 (326-1335) 
Public schools (%) 10 50.0 10 50.0 
Co-ed schools (%) 10 70.0 10 70.0 
Monthly fee ($) 10 7.00 (0.0-68.3) 10 6.50 (0.0-81.8) 
Morning schools (%) 10 60.0 10 60.0 
1School (Cluster) characteristics 
The sample size retained for analysis of all the dietary intake outcomes included 1079 adolescents in 20 
schools, 546 (78% of the sample at baseline) in the intervention and 532 (76% of the sample at baseline) 
in the control group. Sample sizes for the other outcomes differed slightly (Figure 6) but the attrition 
Chapter 3 Effect of the health promotion intervention ACTIVITAL 
61 
 
rate was similar for both groups (22 and 20% for the intervention and control group respectively, 
P=0.55). No major differences were found between the final sample remaining for analysis and the 
participants lost to follow-up. The only differences were that the dropouts systolic blood pressure was 
1.4mmHg higher (95% CI: 0.33, 2.49), and diastolic blood pressure 1.5mmHg higher (95% CI: 0.40, 
2.59) in the dropouts compared to the final sample. 
3.4.1 Overall effect 
The effect of the program after 28 months is presented in Table 12. Participants from the intervention 
group consumed less processed food during snacks (-23.3 g; 95% CI: -45.3,-1.40) and less added sugar 
(-5.6g; 95% CI: -9.80,-1.68) in comparison with the control group. Moreover, the average intake of fruit 
and vegetables (23.4 g; 95% CI: 7.28, 40.3) increased in favor of the intervention group. No differences 
were found for energy % from fat between treatment groups. 
Waist circumference (-0.84 cm; 95% CI: -1.68, 0.28), systolic (-3.64 mmHg; 95% CI: -4.48,-2.52) and 
diastolic blood pressure (-1.96 mmHg; 95% CI: -3.08,-0.84) were lower in the intervention group 
compared with the control groups at the end of the program.  
3.4.2 Additional analysis 
3.4.2.1 Effect according to intervention stage 
The effect was larger during the first stage (Table 12). In stage one the effect on fruit and vegetables 
(29.2 g; 95% CI: 10.4, 47.6) was statistically significant and in favor of the intervention group. 
Additionally, the amount of processed food consumers at school decreased by 15% in the intervention 
school when compared with the control schools (15%; 95% CI: -20.0,-8.0). A decline in the intervention 
effect was observed in the second stage compared to the first stage. During stage two, the fraction of 
processed food consumers at school increased in 11% among the intervention participants (11%; 95% 
CI: 8.0, 50.0) and the percentage of breakfast consumers also decreased in the intervention schools (-
7%; 95% CI: -13.0, -2.0) compared with the control group. On the other hand, the intake of processed 
food during snacks decreased largely at stage two but did not reach statistically significance at any stage 
(-9.35 g; 95% CI: -32.1, 13.4 at stage one and -18.5 g; 95% CI: -44.8, 7.81 at stage two). 
The effect on waist circumference reached statistical significance only after stage one (-1.68 cm; 95% 
CI: -2.38, -1.02). The decrease in both systolic and diastolic blood pressure reached statistical 
significance during stage two only (systolic blood pressure: -3.85 mmHg; 95% CI: -5.06,-2.53 and 
diastolic blood pressure: -2.86 mmHg; 95% CI: -4.07,-1.65). 
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Table 11 Primary and secondary outcomes at baseline and at follow-up measurements by treatment group1 
  Intervention group Control group 
Measurement n Median (25th-75th) or Mean (SD2) n Median (25th-75th) or Mean (SD) 
Fruit and vegetables (g/day)* Baseline 691 204.6 (119.1-337.0) 689 191.5 (104.1-304.2) 
First follow-up 618 176.7 (111.0-274.3) 612 164.4 ( 99.0-247.8) 
Second follow-up 546 150.6 (101.2-248.1) 532 153.1 ( 48.6-181.9) 
Added sugar (g/day)* Baseline 691 68.2 ( 48.1- 92.7) 689 68.9 ( 84.2- 240.4) 
First follow-up 618 58.1 ( 42.7- 77.5) 612 60.3 ( 44.6- 82.9) 
Second follow-up 546 57.1 ( 41.7- 75.2) 532 62.8 ( 42.9- 85.0) 
Total fat (E %/d)* Baseline 691 25.5 ( 22.0- 29.0) 689 25.3 ( 21.6- 29.2) 
First follow-up 618 25.5 ( 21.7- 29.3) 612 26.3 ( 22.4- 30.2) 
Second follow-up 546 25.9 ( 22.1- 30.5) 532 26.2 ( 22.5- 30.5) 
Sodium (g/day)* Baseline 691 2.26 (1.78-2.87) 532 2.40 (1.85-2.93) 
First follow-up 618 2.10 (1.64-2.65) 612 2.11 (1.61-2.70) 
Second follow-up 546 1.92 (1.51-2.50) 532 2.00 (1.55-2.61) 
Processed food intake as snacks (g/day)* Baseline 691 94.5 (27.5-220.0) 689 97.5 (40.0-258.0) 
First follow-up 618 63.8 (0.00-184.6) 612 81.5 (12.6-204.6) 
Second follow-up 546 60.0 (0.00-180.0) 532 98.1 (16.3-233.8) 
Processed food consumed and prepared at 
school (% of consumers) 
 
Baseline 691 18.4 689 20.6 
First follow-up 618 18.1 612 31.4 
Second follow-up 546 26.5 172 32.3 
Chapter 3 Effect of the health promotion intervention ACTIVITAL 
63 
 
  Intervention group Control group 
Measurement n Median (25th-75th) or Mean (SD2) n Median (25th-75th) or Mean (SD) 
Breakfast intake (%) Baseline 691 78.4 532 75.6 
First follow-up 618 79.3 612 77.3 
Second follow-up 546 74.0 532 80.8 
BMI3 (kg/m2)¶ Baseline 687 19.8 (3.3) 692 19.7 (2.9) 
First follow-up 612 20.8 (3.3) 607 20.7 (2.9) 
Second follow-up 542 21.3 (3.3) 528 21.0 (2.9) 
Waist circumference (cm) ¶ Baseline 691 68.9 (9.0) 692 68.3 (8.1) 
First follow-up 615 68.3 (8.0) 607 69.4 (7.6) 
Second follow-up 543 71.1 (8.4) 530 71.2 (7.9) 
Systolic blood pressure (mmHg)¶ Baseline 690 101.0 (9.3) 692 101.0 (9.2) 
First follow-up 618 101.5 (9.6) 612 101.7 (9.5) 
Second follow-up 543 101.2 (9.8) 533 105.0 (9.7) 
Diastolic blood pressure (mmHg)¶ Baseline 690 62.1 (8.5) 692 62.2 (9.0) 
First follow-up 618 63.0 (7.3) 612 62.8 (7.6) 
Second follow-up 543 63.5 (7.3) 533 65.7 (7.9) 
1 Summary statistics using all the available data at baseline and follow-up points adjusted for the cluster design; 2 Standard deviation; 3 Body mass index. *Median and IQR. ¶ Mean and SD 
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Table 12 Intervention effect (overall and by intervention stage) 
Primary outcomes 
 Effect after the intervention  
28 months1 
 Effect after stage 1  
(17 months)2 
Effect after stage 2  
(11 months)2 
 
n Diff3 95% CI P4 ICC5 Diff 95% CI P Diff 95% CI P ICC6 
Fruit and vegetables (g/day) 1078 23.4 ( 7.28; 40.3) 0.005 0 29.2 ( 10.4; 47.6) 0.002 -13.4 (-37.4; 10.2) 0.265 0 
Added sugar (g/day) 1078 -5.60 (-9.80;-1.68) 0.005 0.07 -2.72 (-6.97; 1.36) 0.204 -4.07 (-8.47; 0.44) 0.074 0.07 
Fat (E%/d) 1078 -0.56 (-1.12; 0.28) 0.241 0.03 -0.51 (-1.36;0.24) 0.169 0.11 (-0.77; 1.10) 0.742 0.03 
Sodium (g/d) 1078 0.01 (-0.08; 0.08) 0.897 0.00 0.05 (-0.05; 0.15) 0.450 -0.04 (-0.17; 0.77) 0.477 0.00 
Processed food at snacks (g/day) 1078 -23.3 (-45.3;-1.40) 0.037 0.03 -9.35 (-32.1; 13.4) 0.421 -18.5 (-44.8; 7.81) 0.168 0.03 
Processed food consumers at school (PD7) 1078 -0.02 (-0.08; 0.06) 0.486 0.09 -0.15 (-0.20;-0.08) <0.001 0.11 (0.08; 0.50) 0.005 0.07 
Breakfast intake (PD) 1078 -0.03 (-0.06; 0.03) 0.387 0.00 0.03 (-0.005; 0.085) 0.109 -0.07 (-0.13;-0.02) 0.011 0.00 
Secondary outcomes             
BMI (kg/m2) 1072 0.06 (-0.14; 0.25) 0.596 0.21 0.01 (-0.17; 0.17) 0.922 0.10 (-0.03; 0.22) 0.139 0.31 
Waist circumference (cm) 1075 -0.84 (-1.68;-0.28) 0.005 0.05 -1.68 (-2.38;-1.02) <0.001 0.66 [-0.07; 1.21) 0.081 0.06 
SBP8 (mmHg) 1078 -3.64 (-4.48;-2.52) <0.001 0.06 -0.34 (-1.36; 0.85) 0.623 -3.85 (-5.06;-2.53) <0.001 0.01 
DBP9 (mmHg) 1078 -1.96 (-3.08;-0.84) <0.001 0.10 0.34 (-0.85; 1.53) 0.525 -2.86 (-4.07;-1.65) <0.001 0.10 
1 Results obtained from linear mixed models accounting for the effects of clustering by individual and school. The models were adjusted for sex, unsatisfied basic needs and differences at baseline 
(excluding the treatment group main effect) (162); 2 Results obtained from regression spline mixed effects models accounting for the effects of clustering by individual and school.  One knot was defined at 
the mean time of the first follow up data collection (17 months). These models were also adjusted for sex, UBN and differences at baseline; 3Mean differences; 4 P value; 5 Intraclass correlation coefficient 
of linear mixed models; 6 Intraclass correlation coefficient of regression spline mixed effects models; 7Proportion difference.  8Systolic Blood pressure; 9Diastolic Blood pressure; Bold: P value <0.05
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3.4.2.1 Sensitivity analysis 
The intervention effect on waist circumference remained significant and in favor of the intervention 
group after additional adjustment for BMI z-score (Appendix 7). 
The intervention effect did not change considerably with the exception of processed food intake during 
snacks when missing outcome data were imputed (Appendix 8). After imputing missing values the 
effect on processed food intake at snack time was no longer significant (P=0.092) and the coefficient 
decreased from -23.3 to -18.3 g/day. 
3.5 Discussion 
This is the first multicomponent and theory-based health promotion intervention performed among a 
group of Andean adolescents. The ACTIVITAL trial increased fruit, vegetables, and decreased added 
sugar intake, processed food intake during snacks and in food prepared at schools, as well as average 
systolic-diastolic blood pressure and waist circumference in the intervention group. To the best of our 
knowledge, this study is unique in that it provides a comprehensive effect of a school-based intervention 
after various school years of implementation in LMICs. 
The trial resulted in an increment of 23g of fruit and vegetable intake. Using average serving sizes (165), 
this represents an increment of 0.3 servings. This effect is comparable to that of other school-based 
health promotion programs in this age group (166-168). Nevertheless, the final intake in the intervention 
group was still below the recommended intake of 400g of fruits and vegetables per day (169).  
We report improvements in snacking by an overall reduction of 23g of processed food intake during 
snacks and a decrease of 15% in the proportion of consumers of processed food prepared at school in 
the intervention group during the first stage. A reduction of 6g in added sugar intake per day in favor of 
the intervention group was also accomplished. The implementation of a multicomponent parents 
involved program can explain these results, as programs aiming the food sources at school and at home 
and focusing in a variety of unhealthy food items seem to be less likely to fail (170). The decrease in the 
fraction of consumers of unhealthy food at school during stage one may suggests improvements in the 
food prepared at school, the PE will allow a better understanding of these results (Chapter 5). On the 
other hand, our results in added sugar are slightly lower than those of previous studies targeting added 
sugar intake (171, 172). However, most of the latter studies were conducted in overweight adolescents 
(171) or focused only on carbohydrates and sugar intake (172). Even though we succeeded in decreasing 
sugar and processed food intake, it is clear that mean added sugar intake in our sample is more than 
double the recommended maximum of 25g of sugar per day (173), and that the average processed food 
intake during snacks remains high.   
Our reductions of 1cm of waist circumference, 4mmHg of systolic blood pressure and 2mmHg in 
diastolic blood pressure are comparable to previous studies (174). Diets high in fruit and vegetables, 
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low in fast food and soda, and improvements in physical fitness have been inversely correlated with 
waist circumference (34, 175). Similarly, evidence suggest that high sodium intake (121), sedentary 
behavior and low physical activity/fitness can influence blood pressure (34). Our effect on diet could 
partially explain the effect on waist circumference. However, diet may not have contributed to the effect 
on blood pressure as our trial did not affect sodium intake. Nevertheless, the ACTIVITAL trial also had 
important effects on both physical activity and physical fitness (161): at the end of the trial, the 
proportion of adolescents reaching the recommended moderate to vigorous physical activity decreased 
less in the intervention group, the proportion of adolescents spending more than 3 hours in front of a 
screen decreased in the intervention group during week days, performance on the vertical jump test was 
better among the intervention participants, and finally, participants in the control group performed worse 
on the speed shuttle run test (161).  
The effects of the trial were larger during stage one and tended to level off during stage 2. Differences 
in program implementation at stage two can explain this. Chapter 5 provides details in differences of 
the program implementation according to the intervention stage. 
3.6 Limitations 
We acknowledge a number of limitations.  We had a considerable number of dropouts in our study due 
to adolescents changing or leaving the schools. However, this dropout was balanced over the groups and 
the analysis of missing values did not result in important differences. Some schools were not considered 
for randomization in the pair-matching process because they either had very few students or an 
unavailable matching pair. Nevertheless, we do not believe that these may affect generalizability of the 
results as in the recent years all the schools became co-ed, an important share of the small schools as 
well as all the schools without 8th-10th basic education grades and 1st-3rd high school grades in the same 
campus have stopped functioning. Sodium intake could not be estimated in 30 food items. Yet, as the 
same method was used for both the intervention and the control schools, this lack of micronutrient data 
is unlikely to have influenced our findings.  
The change in fruit and vegetable intake consumption over time in the intervention and in the control 
group shows that fruit and vegetable intake decreases in both groups (Appendix 6). Therefore it seems 
that the reported effect is the consequence of a lower decrease in the intake of fruit and vegetables in the 
intervention group in comparison with the control group. The current analysis only shows the overall 
effect of the intervention on primary and secondary outcomes. The mechanism throughout the 
intervention was effective cannot be determined with this analysis. Mediation analysis will be necessary 
in order to identify the factors and strategies that are influencing the described effect (176) 




ACTIVITAL lead to improvements of several risk factors for NCDs, i.e. fruit and vegetable and waist. 
Although still below the nutritional recommendations, the combined effect of the intervention on several 
individual risk factors is encouraging and promising (11, 166). It suggests that school-based 
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Objective: The objective of this chapter is to analyze if the effect of the ACTIVITAL program after 28 
months varies with weight-status, age and socioeconomic status estimated by UBN of the participants.  
Methods: A subgroup analysis for weight-status, age and UBN was performed including all the 
outcomes with a significant intervention effect after 28 months. The analysis was stratified if the 
interaction terms were concomitantly significant (P<0.1) in bivariate and fully adjusted models and if 
they remained significant after further adjustment including all the significant subgroups per each 
outcome.  
Results: Our data suggests that the intervention effect on fruit and vegetables, added sugar, processed 
food intake during snacks and blood pressure was independent of the subgroups. In addition, 
adolescents’ UBN was not associated with an intervention effect. The effect on waist circumference on 
the contrary was larger among overweight-obese (-1.35 cm; 95% CI: -2.25, -0.45) and younger 
adolescents (-1.89 cm; 95% CI: -3.70, -0.08).  
Conclusion: ACTIVITAL has the potential to be effective among adolescents regardless of their 
socioeconomic background. Future studies involving similar target groups should be designed and 
powered to confirm differential effects in weight status and the age of the participants when waist 
circumference is within the outcomes.  
Keywords: RCT, diet, school, adolescents, Ecuador, subgroup analysis 
 
  




The burden of NCDs risk factors affects people belonging to distinct subgroups differently (13, 41). 
There is evidence that people from the lower socioeconomic strata present higher NCDs risk such as 
tobacco use, high blood pressure and low fruit and vegetables intake compared with people from the 
higher strata (13). In our particular research population, some modest differences in the prevalence of 
risk factors as well as in its influential factors were documented by socio-economic status (Chapter 1 
and 2). 
Similarly, overweight-obese children and adolescents show greater mortality rates and are more likely 
to be obese adults (41). Depending on the setting, evidence also shows that the effect of school-based 
interventions aiming at improving dietary intake and physical activity vary according to weight status 
and age of the participants in HICs (177). There is still limited evidence of the differential effect of 
nutrition interventions according with socio-economic status (177, 178). In general, the few data 
available from HICs suggest that such interventions could work better in the higher socio-economic 
groups (178). In summary, it is unclear if the effect of these behavioral interventions performed in 
LMICs varies with socioeconomic status, weight status or age.  
Within their limitations, subgroup analysis of RCTs offers useful insights for further research and policy 
makers (179, 180). Subgroup analysis of trials in a specific setting can provide useful information about 
the heterogeneity or the consistency in the treatment effect across the subgroups. This information can 
be used to decide whether or not the intervention can be used more extensively (179).  
The school-based pair matched cluster RCT ACTIVITAL improved dietary intake outcomes, waist 
circumference and blood pressure (Chapter 3) after 28 months. In the present chapter, this effect is 
further analyzed according to weight-status, age and socioeconomic status of the participants estimated 
by UBN. 
4.3 Methods 
4.3.1 Definition of subgroups  
As described in Chapter 3 dietary intake and physical activity were the primary outcomes, while waist 
circumference, BMI and blood pressure were secondary outcomes. Weight status definition was based 
on the International Obesity Task Force criteria for age and gender (97, 181). Three subgroups were 
considered: (i) underweight, (ii) healthy weight and (iii) overweight and obese were included together 
in one subgroup. Age was dichotomized at its median value (12.7 years). As described in Chapter 2, 
UBN was categorized in two groups: the poor and the better-off.  
Chapter 4 Subgroup analysis 
73 
 
4.3.2 Data analysis 
We used intention-to-treat and linear mixed models to analyze the data. Interaction terms were 
considered significant at P < 0.1 (180). Before the analysis was stratified, four steps were followed: 
Firstly, linear mixed bivariate models for each subgroup variable were fitted. These models included the 
grouping variable main effect (e.g. UBN), the overall intervention effect by including the interaction 
term between follow-up time (in months) and treatment allocation, a double term (treatment 
allocation*subgroup variable) and a triple interaction term (treatment allocation*subgroup variable * 
follow-up time) to test if the intervention effect differed between the subgroups.  
𝑦 ~𝛽0 + 𝑢1,𝑖 + 𝑢2,𝑗 + 𝛽1 𝑠𝑒𝑥 + 𝛽2𝑈𝐵𝑁 + 𝛽3𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝛽4𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤
− 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝛽5𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑈𝐵𝑁 + 𝛽6𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑈𝐵𝑁 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤
− 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝑢3,𝑖𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 + 𝑢4,𝑗𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 
Secondly, to assess the independence of the associations (180), full models including all significant and 
non-significant subgroup variables (here UBN, weight status and categories of age) with their double 
and triple interactions were constructed.  
𝑦 ~𝛽0 + 𝑢1,𝑖 + 𝑢2,𝑗 + 𝛽1 𝑠𝑒𝑥 + 𝛽2𝑈𝐵𝑁 + 𝛽3𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝛽4𝑎𝑔𝑒 + 𝛽5𝐵𝑀𝐼
+ 𝛽6𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 + 𝛽7𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛
∗ 𝑈𝐵𝑁 + 𝛽8𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑎𝑔𝑒 + 𝛽9𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝐵𝑀𝐼
+ 𝛽10𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑈𝐵𝑁 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒
+ 𝛽11𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝑎𝑔𝑒 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒
+ 𝛽12𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝐵𝑀𝐼 ∗ 𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒
+ 𝑢3,𝑖𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 + 𝑢4,𝑗𝑓𝑜𝑙𝑙𝑜𝑤 − 𝑢𝑝 𝑡𝑖𝑚𝑒 
Age refers to age categories (below the median/above the median) and BMI to weight status categories (underweight /normal-
weight /overweight-obese) 
In a third step, additional models including subgroups and interactions that were significant (P<0.1) in 
both the bivariate and the full model were fitted. Finally, the analysis was stratified according to different 
subgroups only when the subgroups’ triple interaction terms were lower than 0.1 in both the bivariate 
and the full model and when the interaction remained <0.1 after further adjustment considering all the 
significant subgroups and interactions per each outcome. Findings of subgroup analysis become 
increasingly credible as the P values of interactions become smaller. Therefore, only for outcomes for a 
differential intervention effect per subgroups was observed at Pi < 0.001 was considered seriously as 
suggested by Sun et al. (180). Outcomes with no significant intervention effect after 28 months were not 
included in the current analysis (Chapter 3). 
All the models comprised the school pair and participants as random effect. The treatment allocation 
was nested as a random slope within each pair. Adolescent’s sex at baseline were included as fixed 
effects. The main effect treatment group was excluded in the models in order to account for baseline 
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differences between the intervention and the control group. The effect of the intervention in the different 
subgroups was evaluated by testing the interaction term between follow-up time (in months) and 
treatment allocation. The results of the interaction term between the treatment groups with time (in 
months) in the final stratified models were multiplied by 28 (duration of the trial) to obtain the 
intervention effect after 28 months. The resulting Beta coefficients correspond to the effect after the 
whole program implementation and indicate the mean differences between the treatment and the control 
group. 
Outcome differences at baseline were tested using linear mixed models accounting for the treatment 
groups and the school pairs, when the variables did not follow a normal distribution, log transformation 
were carried before including them in the models. 
4.4 Results 
4.4.1 Baseline differences 
Baseline differences of primary and secondary outcomes between the intervention and the control group 
among the proposed subgroups are reported in Appendices 9 and 10. Underweight participants in the 
intervention group consumed less fruit (49% less) and more processed food during snacks (56% more) 
than the underweight participants in the control group. Mean diastolic blood pressure was lower among 
the overweight-obese control participants (4% lower, P=0.028) but higher among the underweight group 
(8% higher, P=0.016) compared with their peers in the intervention group.  
Table 13 Triple interactions terms obtained from bivariate models and full models of outcomes with a significant intervention 
effect after 28 months 
Outcomes UBN1 Weight status2 Age3 
B4 F5 B F B F 
Fruit and vegetables (g/day) 0.800 0.883 0.428 0.544 0.600 0.342  
Added sugar (g/day) 0.833 0.895 0.175 0.159 0.197 0.176 
Processed food at snacks (g/day) 0.976 0.989 0.706 0.697 0.307 0.237 
Waist circumference (cm) 0.552 0.752 <0.001 <0.001 0.003 0.004 
Systolic blood pressure (mmHg) 0.084 0.148 0.354 0.344 0.141 0.165 
Diastolic blood pressure (mmHg) 0.472 0.293 0.619 0.623 0.101 0.113 
1Unsatisfied basic needs: Better-off and poor; 2Weight status includes three categories: underweight, healthy weight and 
overweight-obese; 3Age: younger and older than 12.7 years; 4P value of the interaction terms of the bivariate models; 5P value 
of the interaction terms of fully adjusted models. Bold: significant interaction terms (P<0.1) in both the bivariate and full 
models 
4.4.2 Results of the interaction terms 
Table 13 contains the results of the interaction tests of bivariate and fully adjusted models. The findings 
suggest that the intervention effect on fruit and vegetables, added sugar processed food intake during 
snacks and blood pressure was independent of the subgroups. UBN was not associated with a differential 
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intervention effect. Waist circumference was the only outcome with significant interaction terms for 
age-categories and weight-status categories. Both interaction terms remained significant after further 
adjustment including the significant interactions and subgroups. The interaction term for age-categories 
was the only one Pi < 0.001 (Pi intervention*time*weight status=0.013; Pi intervention 
*time*age=<0.001). 
4.4.3 Stratified analysis per weight status, age and UBN 
Based on the interaction terms, a stratified analysis is presented in Table 14. The effect on waist 
circumference was larger among overweight-obese (-1.35 cm; 95% CI: -2.25, -0.45) and younger 
adolescents (-1.89 cm; 95% CI: -3.70, -0.08).  
Table 14 Effect on waist circumference according with categories of BMI and age 
Outcomes by subgroups n Diff1 95% CI2 P value 
Weight status 1071    
Underweight 67 -0.25 [-2.16; 1.66] 0.799 
Healthy weight 792 -0.65 [-1.32; 0.03] 0.059 
Overweight-obese 212 -1.89 [-3.70;-0.08] 0.041 
Age 1074    
Younger than 12.7 years 534 -1.34 [-2.24;-0.45] 0.003 
Older than 12.7 years 536 -0.56 [-1.46; 0.36] 0.239 
1 Results obtained from linear mixed models accounting for the effects of clustering by individual and school. The models were 
adjusted for sex, unsatisfied basic needs and differences at baseline (162);  2 Confidence Interval. Bold: P value <0.05 
4.5 Discussion 
This subgroup analysis indicated that the trial is equally effective among adolescents from different 
socioeconomic backgrounds for several outcomes such as fruit and vegetables, added sugar, processed 
food and blood pressure. The increased effect on waist circumference among younger participants is 
remarkable. Our results also suggest that the intervention resulted in a higher effect on waist 
circumference among overweight-obese adolescents.  
After testing the interaction terms in both bivariate and fully adjusted models, no differential effect was 
noticed for the dietary intake outcomes and blood pressure across the proposed subgroups. Obtaining 
consistent results of subgroup analysis across different outcomes enhances credibility of the findings 
(180). Although these findings remain to be confirmed by adequately powered studies, our observations 
provide useful evidence for policy makers as they indicate that the ACTIVITAL intervention is effective 
to improve food intake and blood pressure in adolescents independently of their age, UBN or weight 
status.   
The effect on waist was larger among the participants younger than 12.7 years old. The effect on diet 
was not different for the proposed age groups, suggesting that the differential effect is the consequence 
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of a larger effect on fitness and physical activity among the younger participants (Andrade et al, 
unpublished data). Other similar interventions from HICs have also reported a higher effect on physical 
activity among younger participants (177). Once again, the differential effect was consistent for various 
outcomes in the study, suggesting stronger credibility of our findings (180).   
We report that the effect on waist circumference was larger in overweight and obese participants. 
Previous reports have found that at risk populations are more susceptible to interventions (182). 
Improving other risk factors in overweight-obese populations has important clinical implications (11). 
Abdominal obesity is an important predictor of CVD and type II diabetes and has been associated 
independently of BMI with adult morbidity and mortality (34). The larger effect on overweight 
participants is consistent with the larger effect on speed-agility as measured by the speed shuttle run test 
among the same group (data presented in a separate thesis). Furthermore, high levels of speed-agility 
have been inversely correlated with lower abdominal adiposity (34).  
4.6 Limitations 
These post-hoc estimations should be interpreted with caution. An analysis of the proposed subgroups 
was not pre-specified. The trial was powered to detect a 10% decrease in energy percentage from fat. 
The subgroup analysis presented here is therefore exploratory and no firm conclusions can be drawn on 
the intervention effect in the different groups. Nevertheless, the findings provide useful information for 
researchers to design and implement adequately powered studies comparing the effects in these sub-
groups in similar settings. The best method to validate the findings of this analysis is indeed by 
reproducing the subgroup-treatment effect interactions in other trials (179). 
4.7 Conclusion 
A school-based intervention performed among adolescents in LMICs has the potential to be effective in 
improving fruit and vegetable intake and in reducing added sugar and processed food intake among 
adolescents with different socioeconomic backgrounds, age and weight status. Future studies involving 
similar target groups should be adequately powered and consider in their sample sizes the weight status 
and the age of the participants when waist circumference and physical activity are within the outcomes. 
Reproducing the results in other studies will allow confirming the findings of the present analysis (179).  
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Objective: to describe the PE of the ACTIVITAL school-based health promotion intervention and to 
link the PE data with the intervention effect. 
Methods: A full pre-specified PE was performed to systematically document the process, content, and 
implementation of the ACTIVITAL school-based intervention in Ecuadorian adolescents. Reach, dose 
delivered, dose received, fidelity and an analysis of the context (barriers and environment) of the 
intervention were evaluated at both stages of the intervention. Observations, face-to-face interviews and 
questionnaires were applied to all audiences (adolescents, parents, teachers and school staff). Linear 
regression models were performed to identify schools that better implement the program components 
than others. 
Results: The intervention was implemented in the ten schools, 46% of the school teachers delivered the 
classes themselves. Students received 94% of the planned classes, teachers were motivated in 89% of 
them. The teachers demonstrated sufficient knowledge in 88% of the classes and their students enjoyed 
around 93% of the delivered classes. All the parental workshops were implemented in the ten 
intervention schools and all but one school participated in the food-tuck shop workshops. All the parental 
and food-tuck shop workshops were delivered by experienced staff and the attendants showed a positive 
attitude towards the classes, but the reach of parents was low (15%). The main barriers that should be 
considered before implementing the program in real practice were the difficulty to include the program 
in the school curriculum, the voluntary participation of the school teachers, lack of time to perform the 
classes, poor parental reach, difficulties to change the food and portion sizes served by the food-tuck 
shop staff and persistence of an adverse nutritional environment outside the school. The intervention 
was more or less homogenously implemented along the ten intervention schools. 
Conclusion: In general, the ACTIVITAL intervention was well implemented, its content was excellent 
and well received by the included audiences. Future programs should incorporate the activities in the 
school curriculum, provide clear and easy guidelines designed in a formative way to the food-tuck shops 
and deal with the poor parental reach. 
Keywords: RCT, diet, school, adolescents, Ecuador, process evaluation 
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5.2  Introduction 
PE collects information about the extent, fidelity, and quality of the implementation of interventions 
(85). It is used to monitor and document how and to what extent interventions are implemented as 
planned and adopted by the beneficiaries in a specific setting (85). Particularly for complex interventions 
such as behavioral interventions implemented at multiple levels and with multiple audiences, PE can 
help to understand the pathways of change (45, 85, 183), describe the actual activities implemented and 
assess the opportunities to implement the intervention in real practice (183).  
Conducting a PE for complex interventions is gaining interest in HICs (184). However, in LMICs little 
attention is paid to PE and the focus of research is placed mainly on the evaluation of end points (effect 
evaluation) (45). This is unfortunate as focusing only on outcome evaluation assumes a uniform 
implementation of the interventions (185, 186). The latter possibly hampers (i) understanding the 
implementation and the findings, (ii) identifying differences or similarities with other interventions in 
similar settings, and (iii) recognizing key elements for success or failure (187). Only by understanding 
how behavioral interventions work in LMICs, these interventions will be able to reach their full potential 
of addressing unhealthy risk factors in school-age children (45). 
This chapter documents (i) the implementation of the curriculum and environment-based components 
of the intervention; (ii) the attitudes of teachers, food-tuck shop owners, parents and adolescents towards 
the intervention; (iii) the existence of other factors in the external environment affecting the 
implementation of the intervention components at each school; and (iv) differences in the degree of the 
program components implementation across the ten intervention schools and by intervention stage of 
the dietary-oriented strategies (i.e. healthy eating classes and workshops). 
5.3 Methods 
5.3.1 PE framework of the ACTIVITAL intervention 
A pre-specified PE protocol was developed and used to systematically document the intervention 
activities from September 2009 - June 2012. The systematic and stepwise approach as described by 
Saunders et al. was used as the framework to design and analyze the PE (85). This framework included 
the following PE elements: recruitment activities, reach (degree to which the intended priority audience 
participates in the intervention), dose delivered (amount of program delivered by implementers), dose 
received (extent to which participants received and used materials or other resources), fidelity (quality 
of implementation) and the context (barriers and environment) across the whole implementation process 
in the ten intervention schools (188). These elements were evaluated across the different audiences 
included in the intervention (adolescents, parents, teachers and school staff). A combination of both 
quantitative and qualitative evaluation instruments was applied to gather information (189). The 
different methods of data collection for each of these elements were defined prior to the start of the trial 
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based on previous work (29, 189-195). Table 15 describes the PE instruments used to collect 
information on the PE elements, the data types, timing of data collection and final outputs used to present 
the results. Appendices 11-13 contain examples of the PE instruments. Table 9 (Chapter 3) contains a 
detailed description of the intervention components and strategies implemented at stage one and two. 
For the parental component, only the implementation of the workshops was evaluated, a measure of the 
degree of use of the provided information at home was not planned. 
5.3.1.1 Registers of the school food environment 
The registers of the school environment described in this section were the only data collected in both 
the intervention and control schools during the PE development, the other data is available for the 
intervention schools only. The nutritional environment outside the school of both the intervention and 
control schools was documented at baseline and at both follow-ups. Validated tools were applied to 
collect these data (196). For this, the number of ‘fast food’ restaurants, grocery stores and street vendors 
one block around the school are reported (Cuenca is a square-block city). Fast food restaurants were 
defined as any restaurant or cafeteria serving food normally prepared in trans-national ‘fast food’ chains 
(e.g. hot dogs, hamburgers, French fries and pizza) (197).  
5.3.1.2 Differences in PE data collection methods between the intervention packages 
In the first intervention package, all classes of the curriculum-based component were observed by the 
ACTIVITAL staff. In the second intervention package only two randomly selected classes per school 
were observed. The minor observation of the classes in the second stage allowed implementing classes 
in a less controlled environment. Teachers were not notified in advance which classes would be observed 
by the ACTIVITAL staff. The evaluation forms filled out by staff of the food-tuck shops were not 
administered during the intervention package one. Similarly, adolescents’ evaluation forms were not 
administrated during intervention package two (Table 15). Data obtained throughout the structured 
observation of the classes are presented in general and not separately by intervention package. Data 
obtained throughout the adolescents and food-tuck shop evaluation forms are presented only for the 
intervention package that they were measuring. As a consequence, data originated from these tools are 
not compared between stage one and two. 
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Table 15 Instruments used to collect PE data during the ACTIVITAL intervention (PE framework) 





Output IP11 IP22 
The curriculum-based component 
Recruitment Field notes3 ACTIVITAL 
staff 
N/A N/A Schools, teachers and adolescents, recruitment 
activities 
Qualitative Register of the recruitment procedures 
Dose 
delivered 
Structured observations  ACTIVITAL 
staff 
Yes Partially4  Number of classes delivered Quantitative % of classes delivered 
Use of the planned methods and materials Qualitative % of classes with all the planned methods and 
materials used 
Teachers’ evaluation forms Teachers Yes Yes Number of classes delivered Quantitative % of classes delivered (Cross-checked with 
the observations) 
Dose received Structured observations  ACTIVITAL 
staff 
Yes Partially4 -Students’ attitude towards the classes Qualitative % of students with a highly positive attitude 
-Teachers’ motivation Qualitative % of classes delivered by motivated teachers 
Teachers’ evaluation forms Teachers Yes Yes -Students’ enjoyment Quantitative % of classed enjoyed by adolescents 





Yes Yes -Teachers’ level of satisfaction with the program Qualitative % of satisfied teachers with the program 
Adolescents’ evaluation 
form 
Adolescents Yes No -Adolescents’ rate the classes /10 
 
Quantitative Adolescents’ rate of the classes/10 (Median 
and range) 
Reach Field notes3 ACTIVITAL 
staff 
N/A N/A -Invited vs. accepted schools and teachers  Quantitative % of classes delivered by school teachers 
Structured observations  ACTIVITAL 
staff 
Yes Partially4 -School teachers delivering the classes Quantitative % of classes delivered by school teachers  
(Cross-checked with the field notes5) 
Fidelity Structured observations  ACTIVITAL 
staff 
Yes Partially4 -Teachers’ knowledge Qualitative % of classes delivered by teachers with 
sufficient knowledge 
-Accurately of the teachers explanation Qualitative % of classes with an accurate explanation 
-Timing was sufficient Qualitative % of classes for which the planned time was 
sufficient 
ACTIVITAL staff intervention during the classes Qualitative % of classes in which the staff did not 
intervene 




Yes Partially4 -Problems during the classes Qualitative List of the most common problems and 
possible solutions (if available) 
Teachers’ evaluation forms Teachers Yes Yes Additional problems mentioned by teachers Qualitative List of the most common problems and 
possible solutions (if available) 




Yes Yes Barriers identified by teachers Qualitative List of the most common barriers and possible 
solutions (if available) 
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The environment-based component 
Food-tuck shops workshops 
Recruitment Field notes3 ACTIVITAL 
staff 
N/A N/A Food-tuck shops recruitment activities Qualitative Register of the recruitment procedures 
Dose delivered Structured observations ACTIVITAL 
staff 
Yes Yes -Number of workshops delivered Qualitative % of workshops delivered 
-Use of the planned methods Qualitative % of workshops with all the planned methods 
and materials used 
Dose received Structured observations ACTIVITAL 
staff 
Yes Yes -Staff’ attitude towards the workshops Qualitative % of staffs with a positive attitude 
Attendants’ rate the workshops/10 Quantitative Attendants’ rate of the workshops/10 (Median 
and range) 
Reach Field notes3 ACTIVITAL 
staff 
N/A N/A Invited vs. accepted staff Quantitative -% of schools that attended to at least 80% of 
the food-tuck shops workshops 
- Number of attendants /workshop (Median, 
Range) 
Structured observations ACTIVITAL 
staff 
Yes Yes Invited vs. accepted staff Quantitative -% of schools that attended to at least 80% of 
the food-tuck shops workshops 
- Number of attendants /workshop (Median, 
Range) (cross-checked with the field notes) 
Fidelity Structured observations ACTIVITAL 
staff 
Yes Yes -Trainers’ knowledge Qualitative % of workshops delivered by trainers with 
sufficient knowledge 
Yes Yes -Timing Qualitative % of workshops with the planned time 
sufficient 
 
Context Structured observations ACTIVITAL 
staff 
Yes Yes -Problems during the workshops Qualitative List of the most common problems and 
possible solutions (if available) 
Evaluation forms Food-tuck shops 
staff 
No Yes -Additional comments and problems Qualitative List of common comments and problems and 
possible solutions (if available) 
Chapter 5 Process evaluation 
84 
 








Recruitment Field notes3 ACTIVITAL staff N/A N/A Parents’ recruitment activities Qualitative Register of the recruitment procedures 
Dose delivered Structured observations ACTIVITAL staff Yes Yes -Number of workshops delivered Qualitative % of workshops delivered 
-Use of the planned methods Qualitative % of workshops with all the planned methods 
and materials used 
Dose received Structured observations ACTIVITAL staff Yes Yes -Parents’ attitude towards the 
workshops 
Qualitative % of parents with a positive attitude 
Evaluation forms  Parents Yes Yes -Was the delivered information new? Quantitative % of parents considered the delivered 
information as new 
-Did the workshop address the parents’ 
concerns? 
Quantitative % of parents reporting that the workshops 
address their concerns 
-Attendants rate the workshops/10 Quantitative Attendants rate of the workshops/10 (Median 
and range) 
-Perception of the quality of the 
workshop 
Quantitative % of parents that qualify the workshop content 
as very good or excellent  
Reach Field notes3 ACTIVITAL staff N/A N/A -Invited vs. accepted staffs and parents Quantitative % of parents reached 
 Number of attendants/workshop (Median, 
Range) (Median, Range) 
Structured observations ACTIVITAL staff Yes  Yes -Invited vs. accepted staffs and parents Quantitative % of parents reached 
 Number of attendants/workshop (Median, 
Range) (Median, Range) 
(cross-checked with the field notes) 
Fidelity Structured observations    -Timing Qualitative % of workshops in which the planned time was 
sufficient 
Context Structured observations ACTIVITAL staff Yes Yes -Problems during the workshops Qualitative List of the most common problems and possible 
solutions (if available) 
Evaluation forms Parents and food-
tuck shops staff 
Yes Yes -Additional comments and problems Qualitative List of common comments and problems and 
possible solutions (if available) 
Environment 
Register of the 
environment6 
-Food inventory ACTIVITAL staff N/A N/A -Recipes prepared in the food-tuck 
shops 
Quantitative % of type of recipes prepared in the food-tuck 
shops 
-Mapping the outside school 
food environment 
ACTIVITAL staff N/A N/A -Register the number of food shops one 
block around the school 
Quantitative Number and type of food shops around the 
school (Median and Range) 
1Intervention package one; 2Intervention package two; 3The field notes were taken throughout the whole program; 4All the classes of the curriculum-based component were observed by ACTIVITAL 
staff during the intervention package one, while in the intervention package two only two randomly selected classes per school were observed; 5 In case that in an structured observation the 
information regarding if the school teacher delivered the class or not was unclear, this information was cross-checked with the field notes; 6 Thee registers of the school environment were the only 
outputs obtained in the intervention and the control schools at baseline, follow-up one and follow-up two. N/A: Not applicable;
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5.3.2 Ethics statement 
The different audiences included in this PE were asked for their consent. Adolescents who returned 
signed parental consent forms and gave written assent to participate were included in the analysis of the 
PE. Parents and school staff provided written consent.  
5.3.3 Data analysis  
5.3.3.1 Qualitative data analysis 
Qualitative data, i.e. structured observations and semi-structured interviews were transcribed verbatim 
in Spanish and crosschecked by two researchers. The instruments were designed to collect specific 
information of each PE element (Table 15 and Appendices 11-13). NVivo software (QSR international 
– version 10.0) was used to code, manage and analyze these data. Coding was performed in two steps. 
First, each question per instrument was assigned to its corresponding PE element, i.e. for the output “% 
of classes in which the planned methods and materials were used”. The corresponding question of the 
structured observations “Did the teacher use the materials/games/methods as planned in the booklet?” 
was assigned to the PE element “dose delivered”. Second, new nodes (subcategories) were created for 
each question per instrument. Following the example of the output “% of classes in which the planned 
methods and materials were used”, all the responses to this question collected in the structured 
observations were checked to identify the classes in which all the planned methods and materials were 
used. A query was constructed in NVivo to determine the final % of sources (i.e. classes’ structured 
observations) assigned to the node “all the planned methods and materials were used” to report the final 
results. Appendix 14 shows a detailed description of the coding tree and the specific nodes reported per 
each output. The teachers’ origin (school teacher or external teacher), and intervention stage (one and 
two) were attributes cross-linked with constructs and themes for each observation and interview. The 
differences in implementation among teachers’ origin are only presented where relevant. The 
‘Consolidated criteria for reporting qualitative research checklist’ was used to report qualitative data 
(198).  
5.3.3.2 Quantitative data analysis  
Quantitative data (i.e. evaluation forms for each audience as well as the registers of the environment) 
were entered in duplicate in Epidata (Epidata Association, Odense, Denmark) by two researchers. Any 
discrepancy was corrected using the original forms and Stata 12 was used to analyze the data. Data is 
presented in percentages, mean (SD) or median (Range). For “dose delivered”, the number of activities 
performed was divided by those scheduled. For “dose received” tuck shops staff and parents rates of the 
classes /workshops were tabulated, and the average (SD) rates were computed. For “reach” of these, the 
number of participants (adolescents, parents, teachers and staff) attending all the classes/workshops was 
divided by the number of invited participants.  
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A Wilcoxon-rank sum t-test was used to compare differences in the number of food shops outside the 
school between intervention and control schools at each measurement point. Differences in 
implementation between stage one and two were tested using test for proportions in case of dichotomous 
PE variables and a two-sample t-test in case of continuous PE variables. When variables did not follow 
a normal distribution after transformations, a Wilcoxon-rank sum test was used. 
5.3.3.3 Determination of the level of implementation 
Table 16 Variables used to estimate the PE elements and the total score per school 
PE elements PE outputs 
The curriculum-based component 
Dose delivered Classes delivered  
 Classes with the planned methods and materials used 
Dose received Students with a highly positive attitude 
 Classes delivered by motivated teachers 
 Classes enjoyed by adolescents 
 Classes with absence of problems 
 Teachers satisfied with the program 
Reach  School teachers who delivered the classes  
Fidelity Classes delivered by teachers with sufficient knowledge 
 Classes with an accurate explanation 
 Classes in which the planned time sufficient 
 Staff did not intervene during the classes 
The environment-based component 
Parental workshops 
Dose received Parents motivation 
 Parents considered the delivered information as new 
 Parents reported the workshops address their concerns 
 Parents that qualify the workshop content as very good or excellent 
Reach  Parents reached 
Fidelity Parental workshops with the planned time was sufficient 
Food tuck shops workshops 
Reach  Food tuck shops reached 
 Total score/19 
 
To determine if the intervention was implemented differently in the ten schools, the PE outputs described 
in Table 15 were estimated separately for each intervention school. Outputs obtained from the structured 
observations of the food-tuck shops workshops were excluded of this analysis (n=5) as these data are 
not available per school. Some outputs were 100% implemented in all the schools (n=3) and were hence 
also excluded for analysis. The remaining 19 PE outputs were used (Table 16). Scores of dose or fidelity 
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are often used to identify higher and lower implementer schools (199, 200). As almost no visual 
differences were noticed for these PE outputs along the ten intervention schools, the following procedure 
was completed:  First, each PE element was computed as the average of its corresponding PE outputs 
(i.e. dose delivered is the result of the average between classes delivered and classes with the planned 
methods and materials used). Second, a total score of implementation was obtained per school by 
summing the proportion of the 19 PE outputs per school. Finally, linear regression models were used to 
compare the PE elements as well as the total score across the intervention schools. As the PE elements 
and the total score did not follow a normal distribution, the variables were log-transformed (natural 
logarithm) before inclusion in the models. The coefficients are presented as β% following the same 
procedure described in Chapter 2 when log-transformations were applied. 
5.4 Results 
Chapter 3 presents a description of the adolescents included in the ACTIVITAL intervention. Table 
17 contains the characteristics of the teachers, workshop trainers and food-tuck shops managers 
participating in the intervention. More females implemented the program (80% of the teachers, 83% of 
the food-tuck shops managers and 100% of the workshops trainers). Mean age of the teachers was 
40.8±11.3 years, and the mean age of the managers of the food-tuck shops was 43.1±9.9 years. All the 
teachers had a university degree while only 18% of the food-tuck shop staff obtained such degree. Food-
tuck shop workshops were principally implemented by culinary specialists and nutritionists.  
5.4.1 Recruitment  
Schools were invited by an official letter signed by the ACTIVITAL coordinator. Furthermore, a 
meeting with the school principals and key school stakeholders (medical doctors, school managers, etc.) 
was held to introduce the project. The objectives of the planned intervention activities, their timing and 
measurements were discussed in detail. Teacher’s participation was voluntary, external teachers were 
hired to perform the classes if the school teachers refused to participate. The 20 (100%) schools 
originally contacted all agreed to participate. This participation remained constant until the end of the 
intervention. Nine schools expressed a desire to terminate the program at the end of the first stage (four 
intervention and five control schools). Several meetings with the principals and school managers were 
necessary to maintain the participation of these schools. The reasons to consider terminating the program 
were that teachers did not want to implement the classes anymore or the school staff did not want their 
students to miss classes because of the measurements.  
Parents were invited to the workshops through a letter signed by the school principal two days in 
advance. The 10 schools accepted to implement the parental workshops at both stages. Food-tuck shop 
staffs were also invited by means of an official letter and a phone call one day in advance. For the food-
tuck shops workshops one school refused to participate. They felt no need to change the offer in the tuck 
shops, as they thought it was already healthy.  
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Table 17 Teachers, food-tuck shop staff and workshops trainers’ socio-demographic characteristics 
 Mean ±SD or % 
Teachers (n=35)  
Gender (Female %) 80 
Age (years, Mean ±SD) 40.8±11.3 
Education level (University %) 100 
Specialist in education science (%) 35 
Total years of teaching (Mean ±SD) 15.5±11.5 
Food-tuck shop staff (n=20)  
Gender (Female %) 83 
Age (years, Mean ±SD) 43.1±9.9 
Education level (University %) 18 
Years of experience in food-tuck shops (Mean ±SD) 20±11 
Workshops trainers (n=4)  
Gender (Female %) 100 
Age (years, Median, Range) 40.2 (23.0-52.1) 
Education level (University %) 50 
5.4.2 Dose, reach, fidelity and context 
This section provides the results of dose, reach, fidelity (Table18) and the barriers faced during the 
implementation. Data is presented for both the curriculum-based and the environmental-based 
components overall and by intervention package (when data is available).  
5.4.2.1 The curriculum-based component 
 Dose delivered 
Overall, 94% of the planned classes were delivered. More classes were delivered during the first stage 
when compared to the second (99% vs. 91%, P<0.001). The provided educational tool-kit (Table 9, 
Chapter 3) was used and the activities were performed as planned in the majority (84%) of the classes 
(Table 18). The adherence to the planned activities was higher among external teachers (98% vs. 78%). 
The main reasons to not adhere to the planned methods of the tool-kit instructions included lack of time 
or the necessity to adapt games to avoid students’ disorganization in the classroom. According with the 
teachers’, such activities constitute distractive factors and are sources of disorganization in the 
classroom. 
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 Dose received 
Students showed a highly positive attitude in 64% of the classes, more students showed a positive 
attitude when school teachers delivered the classes (72% vs. 64%). Teachers were highly motivated in 
around 90% of the classes delivered (Table 18). Classes were more or less equally liked by adolescents 
at stage one compared with stage two (96 vs 90%, P=0.020) and if school teachers or external teachers 
delivered the classes (94% vs. 90%, P=0.354). The adolescents enjoyed more the classes that focused 
on active skills learning. All but one teacher (during stage two) stated they liked the classes and the 
project in general. They liked the topics and believed the content was excellent and interesting. Teachers 
reported not having problems in 68% of the classes delivered (75% at stage one and 63% at stage two, 
P=0.005). The percentage of classes without reported problems were similar for school teachers and 
external teachers (69% vs. 68%, P=0.772). 
 Reach 
A higher proportion of school teachers implemented the classes themselves in stage one compared to 
stage two (70% vs. 31% respectively, P<0.001) (Table 18). Teachers attributed the lower response in 
the second stage to the increasing pressure to complete the standard curriculum and to their perception 
of contributing substantially during stage one. Since the classes were implemented at schools, all the 
targeted students were reached. 
 Fidelity 
Teachers’ explanations during the classes were accurate in almost 91% of the cases and their knowledge 
was sufficient in 88% of them. An inadequate planning and lack of teachers’ ability to perform the 
classes were the main reasons for an inadequate explanation. Important to note here, is that there was 
one particular school in which 70% of the performed classes were inaccurate. Timing was sufficient in 
58% of the delivered classes. Many teachers noted that some classes were too long and required more 
time to deliver them properly. External teachers were more prone to report sufficient timing compared 
with school teachers (70% vs. 53%). The ACTIVITAL staff intervened in approximately 48% of the 
classes delivered by school teachers. Half of the interventions occurred during games or group activities. 
The other half was to maintain students’ discipline. It is important to point out that the intervention of 
the ACTIVITAL staff occurred mainly at stage one since at stage two only two classes per school were 
observed by the ACTIVITAL staff and therefore the staff were not always present at stage two. 
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Table 18 Results by PE elements and components (excluding the list of problems and reasons) 
PE element Output Overall IP11 IP22 P-value3 







Dose delivered % of classes delivered  94 99 91 <0.001 
% of classes with all the planned methods and materials used4 84 - - - 
Dose received % of students with a highly positive attitude4 64 - - - 
% of classes delivered by motivated teachers4 90 - - - 
% of classed enjoyed by adolescents 93 96 90 <0.001 
% of classes with absence of problems 68 75 63 0.005 
% of satisfied teachers 93 100 89 - 
Adolescents rate of the classes/10 (Median and range)5 - 9 (1-10) - - 
Reach % of classes delivered by school teachers 46 70 31 <0.001 
Fidelity % of classes delivered by teachers with sufficient knowledge4 88 - - - 
% of classes with an accurate explanation 4 91 - - - 
% of classes with  the planned time sufficient4 58 - - - 
% of classes in which the staff did not intervene4 52 - - - 
The environment-based component  
Food-tuck shops workshops N=13 N=10 N=3  
Dose delivered % of workshops delivered 100 100 100 - 
% of workshops with the planned methods and materials used 100 100 100 - 
Dose received % of staff with a positive attitude 100 100 100 - 
Attendants rate of the workshops/10 (Median and range)6 - - 10 (8-10) - 
Reach % of schools that attended to at least 80% of the workshops 65 70 60 - 
Number of food-tuck shops staffs attendants/workshop, Median(Range) 15 (8-23) 16 (11-23) 9 (8-15) - 
Chapter 5 Process evaluation 
91 
 
PE element Output Overall IP11 IP22 P-value3 
Fidelity % of workshops delivered by trainers with sufficient knowledge 100 100 100 - 
% of workshops with the planned time sufficient 72 66 100 - 
Parental workshops N=60 N=30 N=20  
Dose delivered %  of workshops delivered 100 100 100 - 
% of workshops with thee planned methods and materials used 100 100 100 - 
Dose received % of parents with a positive attitude 70 82 63 - 
% of parents considered most of the delivered information as new 77 78 71 0.035 
% of parents reporting that the workshops fulfilled their concerns 95 96 90 <0.001 
Attendants rate of the workshops/10 (Median and range) 9 (2-10) 9 (2-10) 9 (4-10) 0.491 
% of parents that qualify the workshop content as very good or excellent 91 89 92 0.076 
Reach % of parents reached 15 20 11 - 
Number of attendants/workshop, Median(Range) 23 (5-113) 26 (5-113) 21 (6-87) 0.846 
Fidelity % of workshops with the planned time sufficient 65 67 64 0.156 
1 Intervention package one; 2 Intervention package two; 3Test of proportions applied for quantitative data only, 4Data obtained from the classes structured observations, as all the classes were 
observed at intervention package one (N=252) and only two randomly selected classes per school were observed at the intervention package two (N=20) only the overall results are presented; 
5Data obtained from the adolescents’ evaluation forms only collected at the intervention package one; 6Data obtained from the food-tuck shops staffs’ evaluation forms only collected at the 
intervention package two. Bold: P value <0.05 
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 Context and barriers 
We did not succeed in integrating the program into the school curriculum. The main barrier was that 
schools are obliged to follow the governmental program coordinated by the National Ministry of 
Education. The authorities did not agree with changing the curriculum in ten schools only. Table 19 
lists the problems and the possible solutions identified from the structured observations. 
Table 19 Barriers during the implementation of the curriculum-based component 
Barriers Explanations Suggestions to 
overcome the problems 
(If available) 
Some adolescents show a 
negative attitude 
Lack of teachers’ ability to keep their students 
engaged  
NA1 
Students forgetting their booklets at home Perform full day sessions 
Insufficient time NA1 
Indiscipline, difficulties to 
maintain the students 
organized 
External teachers. 49% of the problems for 
external teachers were related with indiscipline 
and 27% for the school teachers 
Include the classes in the 
school curriculum 
Games and group activities NA1 
Insufficient time  Very short school hours Perform full day sessions  
Inadequate teachers planning Divide the lessons for 
different teachers or 
subjects 
Interruptions or unforeseen school activities such 
as meetings, sport matches and talks 
Include the classes in the 
school curriculum 
Difficult to interrupt their own classes Include the classes in the 
school curriculum 
Some games are too long NA1 
Games and group activities 
were unwelcome by some 
school teachers 
Games cause indiscipline among the students; 
teachers believed these kinds of activities were 
inadequate 
NA1 
Logistic difficulties Large spreading of participants over the bachelor 
grades at stage two (252 grades were involved at 
stage one and 399 at stage two). 
NA1 
1Not applicable. The possible solutions were not available in the PE data 
5.4.2.2 The environment-based component 
 Dose delivered 
All the workshops planned with the food-tuck shop staff were delivered in stage one and stage two 
(Table 18). All the materials were used as originally planned and all the planned topics were addressed 
at both stages (Table 9, Chapter 3). Three issues were repeatedly requested and addressed by the trainer 
at stage one: (i) difficulties in understanding the guidelines of the national legislation for food-tuck shops 
issued by the Ministry of Public Health (52), (ii) concerns regarding the nutritional quality of street food 
vendors outside the school, and, (iii) high interest in new recipes and in sharing their experiences with 
others. Additionally, during the last workshop at stage two the staff expressed their desire to establish a 
local trade union. The latter was proposed as they felt left out during the design of new policies.  
Similar to the food-tuck shop workshops, all parental workshops were delivered as scheduled (100%). 
The trainers used all the materials and adhered to the pre-planned topics in both stages.  
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 Dose received 
The food-tuck shop staff was interested and showed a positive attitude in 100% of the delivered 
workshops. The staff was highly motivated and participative. Only during stage two, they did not 
appreciate the advice to increase vegetable portion sizes. At stage two it was intended to change the 
menu planning (Table 9). According to the observations during the last workshop however, none of the 
schools reported changes in their menus.  
The parents scored the intervention workshops overall at 9/10 (Range 2-10) and 77% of the parents 
considered the delivered information as new (78% at stage one and 71% at stage two, P=0.035), and 
95% reported that the workshops fulfilled their concerns (96% at stage one and 90% at stage two 
P<0.001). Parents were fully interested and motivated in 70% of the delivered workshops. The 
motivation however, was higher at stage one compared with stage two (82% vs. 63% respectively, Table 
18). Furthermore, 91% of the attendants qualified the delivered content as very good or excellent. 
 Reach 
Seven schools attended at least 80% of the food-tuck shop workshops at stage one and six at stage two 
(Table 18). In stage one, the mean number of attendants per workshop was 16 staff (range 11-23), while 
in stage two the mean was only 9 (range 8-15). One private school was absent in all the workshops as 
the school owner operated the canteen and considered that the nutritional quality was adequate.  
Reach of parents was low with only 15% of the invited parents attending the workshops. Once again, 
the reach was higher during stage one (20% vs. 11%). 
 Fidelity 
The explanation of the trainer was accurate in 100% of the delivered food-tuck shop workshops. Their 
knowledge was considered sufficient and they were able to address the questions. Time was sufficient 
in 72% of the food-tuck shop workshops. Lack of time occurred in the following three workshops at 
stage one: (i) definition of priorities and problems, (ii) national legislation for food-tuck shops from the 
Ministry of Public Health, and (iii) examples of new recipes. Furthermore, we noted a higher reach for 
the workshop in which a representative of the Ministry of Public Health was invited. The food-tuck shop 
staff had difficulties in understanding the Ministry guidelines. In addition, they were afraid to lose the 
admission of the food shops if they do not comply with the rules. 
Around 65% of the parents considered that the workshop timing was perfect while 33% believed it was 
too short.  
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 Context and barriers 
Table 20 summarizes the barriers for the environment-based component and possible suggestions to 
overcome the barriers identified during the structured observations. 
Table 20 The environment-based component barriers 
Barriers Explanations Suggestions to overcome 
the problems (If available) 
Food-tuck shops workshops   
Staffs skipping the workshops Lack of interest NA1 
Lack of support or communication 
from the school principal 
Inform periodically to the 
school principal  
Staff reluctant to serve more vegetables, 
change their portion sizes and food 
combinations 
They believe the students will not 
eat half a plate of vegetables 
NA1 
Others believed that the suggested 
vegetables portion size is 
unrealistic 
NA1 
Presence of street vendors around 
the school 
NA1 
Presence of street vendors around the 
school 
This business functions with 
permission of the local city hall  
Control the nutritional 
quality or re-allocate them 
Parental workshops   
Poor response Lack of time or laziness NA1 
Work overload NA1 
Schools do not send the invitations 
on time  
Improve the communication 
with the schools 
1Not applicable. The possible solutions were not available in the PE data 
 Context and environment 
Table 21 shows the number of food shops around the intervention schools at baseline and the two 
follow-up measurements. No important differences between the intervention and the control schools or 
changes were noticed over time. The adolescents had easy access to fast food and processed food sold 
in the grocery stores. The fast food restaurants around the schools are small family restaurants or 
cafeterias. The majority of the street food vendors sold fast food and ice creams (around 65%). 
Table 21 Median number of food stores around the intervention schools during the ACTIVITAL intervention (2009-2012) 











Baseline 1 (0-2) 1 (0-3) 0.66 
First follow-up 1 (0-2) 1 (0-2) 0.68 
Second follow-up 1 (0-5) 1 (0-2) 0.45 
Grocery stores  Baseline 2 (0-3) 2 (0-3) 0.66 
First follow-up 1 (0-3) 2 (0-4) 0.08 
Second follow-up 1 (0-2) 1 (0-4) 0.21 
Street vendors Baseline 1 (0-2) 1 (0-4) 0.51 
First follow-up 1 (0-2) 1 (0-2) 0.06 
Second follow-up 1 (0-2) 1 (0-3) 0.54 
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5.4.3 Determination of the level of implementation 
The variation in implementation between the ten intervention schools was small and did not reach 
statistical significance (Table 22). Therefore, available data did not allow identifying schools that 
implement better the intervention than others. 
Table 22 Differences in proportions of the PE elements and the total score per school 
PE element School β% 
  
P 
 value 1 2 3 4 5 6 7 8 9 10 
The curriculum-based component 
Dose delivered 0.92 0.89 0.91 0.62 1.00 1.00 0.99 0.68 0.93 0.99 2 0.346 
Dose received 0.81 0.85 0.89 0.79 0.89 0.84 0.79 0.77 0.76 0.87 0 0.604 
Reach  0.58 0.43 0.34 0.27 0.23 0.72 0.34 0.93 0.75 0.00 -3 0.708 
Fidelity 0.93 0.92 0.93 0.50 0.98 0.94 0.81 0.90 0.89 0.88 -1 0.599 
The environment-based component 
Parental workshops 
Dose received 0.89 0.89 0.88 0.91 0.91 0.92 0.89 0.90 0.88 0.90 0 0.735 
Reach  0.09 0.22 0.18 0.07 0.11 0.12 0.15 0.24 0.14 0.18 -4 0.434 
Fidelity 0.78 0.70 0.65 0.66 0.77 0.76 0.73 0.62 0.56 0.65 0 0.938 
Food-tuck shops workshops 
Reach  0.54 0.77 0.92 1.00 1.00 0.85 0.92 0.00 1.00 0.85 4 0.124 
Total score/191 13.8 14.0 14.8 12.1 14.8 14.7 14.0 13.0 14.1 13.5 0 0.856 
1Total score obtained by summing the proportion of the 19 PE outputs per school 
Table 22 summarizes the PE elements and the total score of each of the 10 intervention schools. The 
elements with major differences across the intervention schools were reach of school teachers, reach of 
parents and reach of the food-tuck shops. These differences were generally small and statistically not 
significant. There is one school in which only external teachers performed the classes throughout the 
whole program as mentioned in the recruitment section. Another school did not attend at the 
ACTIVITAL workshops for the food-tuck shops. Fidelity was especially low in one school in which 
70% of the inaccurate explanations occurred. As mentioned before, the classes were delivered by 
external teachers when school teachers did not agree to participate. As a consequence, schools with 
lower reach do not necessary have lower dose or fidelity. This is reflected in the total score across the 
ten intervention schools, ranging from 12.1 to 14.8 and is not statistically different across the ten schools. 
This data suggests that the classes, the parental workshops and the food-tuck shops workshops were 
implemented homogenously across the ten intervention schools. 
5.5 Discussion 
To our knowledge this is the first multi-component evidence and theory-based school health promotion 
intervention aiming at improving dietary intake and physical activity among adolescents from a LMIC 
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and including a comprehensive PE. This chapter evaluates only the dietary component of the 
intervention. Overall the program was well implemented and received by the intervention audiences 
with good dose, fidelity and reach (except for parental reach). The program has been homogenously 
implemented across the intervention schools. The results presented in this chapter offer opportunities 
and barriers to implement the program in real practice and in similar settings. 
ACTIVITAL and the content of the educational tool-kit were well received by teachers and students. 
Teachers believed that the program was appropriate, excellent and necessary. Nevertheless some issues 
clearly arose from the PE and should be considered. The most important difficulty was the inclusion of 
the program in the school curriculum. This triggered a majority of other problems in the classes such as: 
low response of teachers (mainly at stage two), lack of time to implement the classes, the high 
involvement of the ACTIVITAL staff and the inclusion of external teachers when school teachers did 
not agree to implement the classes. Although the research team tried very hard to enable inclusion in the 
curriculum, it was not accepted by the government. Changing the curriculum among ten schools only 
was not feasible as the Central Ministry of Education is the only entity with enough authority to make 
any minor change in the schools’ curriculums. Previous studies have reported the importance of 
including these kind of programs in the school curriculum (45, 177) to enhance sustainability (177). 
Some school teachers needed extra help or did not perform some games and group activities as planned 
in the educational tool-kit. Nevertheless, these activities were highly enjoyed by adolescents. External 
teachers were more likely to adhere to the planned activities and reported more frequently sufficient 
time to perform the classes. Therefore including the classes in the school curriculum will probably result 
in a better adherence to the planned methods and may enhance a better implementation as timing would 
no longer represent a problem. Future studies including participatory activities within educational tool-
kits must be attached to the school curriculum and possibly should include peer leaders to improve 
fidelity (201). 
The parental workshops were well received and enjoyed by the attendants, they considered that the 
delivered information was high quality and new. Yet the parental reach was considerably low. A 
systematic review of the most effective strategies targeting parents for improving dietary intake among 
adolescents living in HICS, showed that direct methods such as nutritional education sessions or family 
behavior counseling are among the most effective strategies (202). However, there is an important lack 
of information for LMICs in this regard. The results of our PE show that the nutritional education 
sessions were highly enjoyed and our intervention resulted in positive effects, but an important share of 
the invited parents did not attend. In order to enable a most intensive effect by improving parental reach, 
future studies should identify most effective strategies to involve parents in diet oriented health 
promotion programs implemented in LMICs. For example, qualitative analysis of the views of parents 
regarding strategies to promote children healthy eating in HICs concluded that health promotion 
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strategies should include interactive and practical activities performed together with their children such 
as the preparation of healthy breakfast or healthy recipes (203). These activities were also highly enjoyed 
by adolescents and food-tuck shop staff in the ACTIVITAL program as well. In our particular setting, 
the results of the needs assessment showed that parents believed that their children’s eating behavior is 
the consequence of their own preferences and the environment. They did however, not recognize their 
responsibility in their children’s eating behavior (68), possibly associated with a poor interest in 
attending school workshops. This suggests that future programs should find ways to improve parents 
understanding of their role in their children´s eating behavior. In any case, previous reports have 
documented the difficulty of reaching parents even after adapting interventions to their requirements. 
For example the program UP4FUN designed its strategies based on focus groups in order to identify the 
strategies that best engage parents’ participation, still, the parental reach was low (204). The last research 
suggests that there is still insufficient evidence on how to engage and reach parents with these kind of 
programs. This finding stresses the importance of targeting different domains, such as the food 
environment, the food system and behavior-change (205). 
Attendants of the food-tuck shops workshops enjoyed the meetings and always expressed feeling 
comfortable with the program. We accomplished a significant decrease of 15% in the amount of 
processed food consumers in the intervention schools during the first stage. This may indicate that the 
delivery of workshops within a multicomponent school intervention can have some effect on 
adolescents’ food choices. Although the program was well accepted and enjoyed, the staffs were 
reluctant to change the portion sizes and recipes served significantly. In order to achieve better effects, 
small and gradual changes in portion sizes are advised to enable a correct adaptation of the audiences to 
the proposed changes. During the IM and the CPPE, a school food policy was identified as a possible 
intervention strategy (76), however, it was not feasible as the food shops are privately owned and 
regulated only by the Ministries of Education and Health. This suggests that the Ministry should 
implement new school food policies that focuses on improving the nutritional quality and the portion 
sizes of the food served at schools. In that sense, our data offers the opportunity of evaluating not only 
the ACTIVITAL trial but also de local food system at schools and the legislation implemented by the 
Ministry of Health. Clearly, the staff was interested in implementing the Ministry program at first sight, 
but the regulation is limited and probably not adequately designed and evaluated. For example, 
adolescents still report processed food consumption during snacks. The legislation is not dealing with 
the existence of street vendors outside the schools which can play a role in adolescents’ food 
consumption and purchases (206) and according with the staffs is a reason for the resistance to improve 
portion sizes and recipes. The Ministry guideline is difficult to understand and should be designed by 
means of formative research including the point of view of the school staff. A continuous evaluation of 
the implementation process would enable the government to perform corrections and to control the 
fulfillment of the rules as the staff expressed their fear to lose their business if they not comply with the 
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rules. In that sense the government would be able to accomplish the needed changes in portion sizes and 
the improvements of the nutritional quality of the recipes prepared in the school food shops.    
As in the effect evaluation, this PE shows that the program was better implemented at stage one. At 
stage one: (i) all the schools agreed to participate without any questioning, (ii) more school teachers 
implemented the program voluntarily, (iii) more parents and staff attended the workshops, (iv) the 
teachers reported less problems and were more satisfied with the classes, and (iv) a higher proportion of 
the parents showed a positive attitude during the workshops. The lower acceptance at stage two possible 
could reflect a negative attitude of the involved audiences towards the program, probably related with 
the voluntary participation of the teachers or with the long term duration of the intervention.    
The decrease in the effect in our trial is higher than those reported previously (182). Previous studies 
have shown how similar differences lead to lower intervention effects. For example, the TEENS study 
reported how the presence of peer leaders supporting the teaching sessions was related to an 
improvement in fruit and vegetables intake which disappeared when there was no additional help (201). 
Additionally, the same study concluded that the performance of a formative assessment with an active 
participation of the food-tuck shops staff allows to adapt the program according to important influential 
factors (207). A more intensive coverage of the interventions has been linked with increased fruit intake 
(166). Additionally, others have identified pressure on the school curriculum and lack of parental support 
as barriers to obesity school prevention (208). The ACTIVITAL trial allows evaluating both the efficacy 
and effectiveness of the program: higher effects were found when activities were more controlled. 
Nevertheless, the fact that our effect was maintained after 28 months suggests that an initial intensive 
preparatory phase can result in sustained effects one year later. Future studies should evaluate the 
effectiveness of ACTIVITAL in a less controlled setting, with less intervention of the program staff and 
attaching the program to the school curriculum. 
We intended to perform an analysis of the intervention effect according to the degree of implementation. 
The data indicated that the implementation of the intervention components was more or less 
homogenous across the ten intervention schools. This result can be evaluated from two different 
perspectives. On the one hand, it seems that adolescents and parents in all the intervention schools were 
similarly exposed to the classes and workshops and therefore the beneficial effect can be generalized. 
On the other hand, the large involvement of the ACTIVITAL staff seems to be responsible of the 
homogenous implementation.  
5.6 Limitations 
This analysis has a number of limitations. The adolescents and food-tuck shops evaluation forms were 
not administrated at both stages. The program was not attached to the school curriculum, an issue related 
with the majority of the difficulties encountered during the implementation of the educational tool-kit. 
Objective measurements of the food prepared and served at the food-tuck shops throughout the 
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intervention were not performed. Only at stage two a la carte recipes prepared in the food-tuck shops 
were measured before and after the workshops. These data demonstrated that in fact, neither the portion 
sizes or the nutritional quality improved comparing the pre and post measurements (209). The 
environment of the participating schools still needs to be evaluated and improved in order to achieve the 
full potential of the program. Most of the data was collected only in the intervention schools, this 
hampers the possibility to be aware about possible strategies implemented among the control schools. 
Some evaluation forms were not collected at both stages preventive a more exhaustive comparison of 
the implementation between stage one and two.  
5.7 Conclusion    
In general, the ACTIVITAL intervention was well implemented, the content was considered excellent 
and it was well received by the target population. Future programs should incorporate the activities in 
the school curriculum, invest in continuous communication with stakeholders and establish stronger 

















This PhD aimed to explore the distribution of metabolic CVD risk factors and dietary intake behaviors 
among adolescents living in an urban and a rural Ecuadorian setting. In addition, it analyzed the PE and 
the effect of a school-based intervention study on dietary intake, blood pressure, BMI and waist 
circumference. In brief, the study showed the following: 
 The adolescent population from Cuenca and Nabón show risk behaviors conductive to CVD 
and other NCDs and bears the burden of numerous risk factors including dyslipidemia, 
abdominal obesity and overweight as well as poor dietary intake behaviors. This health problem 
occurs in the urban and in the rural settings across the different socioeconomic levels with slight 
differences. These findings indicate the need to develop and implement health promotion 
programs to promote fruit, vegetable, breakfast and whole grain intake and to restrict added 
sugar and processed food consumption. One unexpected and still unexplained finding was the 
larger prevalence of overweight and obesity in the wealthier group and the higher prevalence of 
dyslipidemia in rural adolescents. 
 
 A cultural appropriate school-based health promotion intervention was designed and 
implemented to tackle the health problem in adolescents living in Cuenca. The program was 
effective in increasing fruit and vegetable intake. It also decreased added sugar, processed food 
intake during snacks, waist circumference and blood pressure. A reduction in the proportion of 
consumers of processed food prepared at school was accomplished at stage one only. The effect 
on dietary intake is independent of the socio-economic status, the weight status or the age of the 
participants. The effect on waist circumference was higher among younger and overweight-
obese adolescents. In general the intervention was more effective at stage one when more school 
teachers were reached and a higher involvement of the research staff took place. 
 
  The program was correctly implemented and well accepted by the targeted audiences i.e. 
adolescents, teachers, food-tuck shops staff and parents, with satisfactory dose, reach and 
fidelity (except for parental reach). The main challenges for the implementation of ACTIVITAL 
included the difficulty to attach the program to the school curriculum, the low parental reach 
and the resistance to change the portion sizes served in the food-tuck shops. 
The practical, political and methodological implications of these findings are discussed in this chapter. 
6.2 Practical implications, generalizability of the program  
The combined effect of the intervention on several individual risk factors is encouraging and promising 
(11, 166). It suggests that school-based interventions can address various risk factors simultaneously in 
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adolescents from LMICs. The main practical question to answer at this point is how to scale it up. Cluster 
RCTs should have both internal and external validity to enable generalizability (210).  
6.2.1 Internal validity 
Internal validity relies on sample sizes, data analyzes and blinding (211, 212). ACTIVITALs’ Internal 
validity was fairly acceptable. Although our sample size retained for analysis was smaller than expected, 
analysis of missing values did not provide different results. The differences between the dropouts and 
the sample retained for analysis were small. Furthermore, the key issue in loss of observations is the 
likelihood of not detecting an intervention effect (210). Consistent differences between groups were 
detected, the cluster nature of the study was considered in both the sample size calculations and data 
analyzes. Participants in the intervention and the control group were selected at random and we ensured 
blinding among the field workers during outcome measurements as much as possible. Internal validity 
of the study is therefore considered adequate. 
6.2.2 External validity 
Several authors have stressed the importance to perform detailed PE of health promotion programs in 
order to assess external validity and generalizability of RCTs (213, 214). This is especially important 
for complex cluster RCTs (215). External validity could be estimated by the adoption, the 
implementation and the maintenance of the programs (211, 212). 
6.2.2.1 Adoption 
Adoption refers to the extent to which the setting is representative of the wider population (210, 212). 
In that sense, the findings of ACTIVITAL are only applicable to the urban areas. The program maybe 
not effective among rural adolescents as financial concerns are important determinants of healthy eating 
and physical activity risk in the rural area (68, 69). At this point a question that remains unanswered is 
whether or not the ACTIVITAL program can be implemented in all the urban schools at national level. 
During the selection of clusters, some schools were not considered for randomization in the pair-
matching process because they either had very few students or an unavailable matching pair (mainly 
because of differences in the school gender). This selection however, may not have affected 
generalizability of the results as in recent years the Ecuadorian school system was reformed. Currently, 
all the schools became co-ed. In addition, an important share of the small schools as well as all the 
schools without 8th-10th basic education grades and 1st-3rd high school grades in the same campus have 
stopped functioning. In addition, all the clusters originally contacted agreed to participate and the 
subgroup analysis showed that the program effect is independent of the UBN of the participants 
indicating that the research is representative for the urban setting. The last could be an indication that 
the minor differences in influential factors by socio-economic status were correctly addressed.  
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Next, it is important to consider if the research setting is representative for other urban areas in the 
country. There are reasons to believe that the dietary habits could vary across the Ecuadorian geographic 
regions. An analysis of the causes of death by region found lower mortality rates secondary to CVD in 
provinces located in the Amazon rainforest compared with provinces in the other regions (216). 
Furthermore, Ecuador is the country with the highest diversity of vegetables per square meter and one 
of the most biodiverse country in natural resources and cultural attributes (128). Certainly, we cannot 
conclude if the dietary profile is different or not across the Ecuadorian geographic regions with the 
available data. National representative data was collected from 2011-2013 by the Ministry of Public 
Health (40). Analysis of this data is undergoing during write-up of this document. The findings of the 
national survey will provide a detailed description of the dietary profile of the wider national population 
across its geographical regions and by age groups. Currently such information is unavailable making it 
difficult to identify differences in dietary behavior across the whole country. Anyhow, coming back to 
the ACTIVITAL adoption in other urban areas, previous reports recommend to implement complex 
interventions in different settings to assess its wider effectiveness (214).  
6.2.2.2 Implementation  
Implementation of the program was described in Chapter 5. The program was well implemented and 
received by the targeted audiences with adequate dose, reach and fidelity. Nevertheless, some barriers 
that can prevent generalizability should be addressed before scaling-up the program. This section 
analyzes these barriers and proposes ways to address them before scaling-up ACTIVITAL at the national 
level. 
The most important issues that compromise the generalizability of the ACTIVITAL trial are the 
difficulty to integrate the program to the school curriculum and the voluntary teachers’ participation. 
Although the ACTIVITAL staff was trained and asked to interfere as little as possible during the classes, 
the staff was eagerly involved during the classes. As the participation of the teachers was voluntary, 
they felt uncomfortable when the project staff did not assist during the classes. Strong contacts and 
partnerships must be established with the Ministry of Education as this is the only entity with sufficient 
authority to change the curriculum in schools with regard to health promotion programs. Future 
programs aiming health promotion in schools must not be implemented until such partnerships are 
strongly established to enhance sustainability. This can probably be accomplished by designing and 
implementing joint programs between the government and the academia. 
Other important barrier identified during the PE was the difficulty to change portion sizes and nutritional 
quality of the food served at the school food-tuck shops. Our analysis showed the importance of 
performing formative research to adapt the programs to the needs and context of the food-tuck shops 
staff as well as their willingness to participate in health promotion programs organized by the Ministries 
in order to maintain their business.  
Chapter 6 General Discussion 
106 
 
Therefore, before implementing ACTIVITAL at the national level, partnerships with both the Ministry 
of Education and Health are needed. The available law and guidelines issued by the Ministries of 
Education and Health for the food-tuck shops must be revised and propose gradual and easy to apply 
changes to the content and portion sizes of the foods offered. As our analysis only involved local 
stakeholder research should further investigate the role and views of all the stakeholders involved such 
as the government, the health sector, the food industry, the schools staff, food-tuck shops managers, 
researchers and the media towards the guidelines and policy proposed. These may help to achieve better 
results, to understand and solve possible conflicts of interest (48) as well as to identify the most feasible 
alternatives. Finally, a continuous monitoring of evaluation of the fulfillment of the rules and guidelines 
is strongly advised.  
Family and parents are highly important for health promotion programs aiming children and adolescents 
(202, 217). The parental reach in the ACTIVITAL trial was low. The communication with schools was 
crucial to notify parents on time for meetings and activities. Still, the intervention provides limited data 
on how to improve parental involvement in health promotion programs. New research is needed in order 
to identify better ways to reach parents and families in health promotion programs aiming improvements 
in dietary intake among adolescents in the research area. In addition, the proposed activities should be 
combined with interventions in other settings as previous reports indicate that reaching parents remain 
challenging.  
The implementation data shows the importance of street vendors and fast food stores in the school 
surroundings. Currently, there is no evidence of the real impact of these stores on children and 
adolescents eating behavior. An evaluation of the actual influence of food outlets near the school on 
children’s food consumption and purchases must be performed in order to identify the actual exposure 
along adolescents journey (206). These data will enable the design of an integral health promotion 
program that takes into consideration all the possible determinants related with the health problem 
(NCDs risk). 
6.2.2.3 Maintenance 
ACTIVITAL was a relatively long term intervention, implemented along three consecutive academic 
years. An effect was maintained after 28 months of implementation suggesting a sustained effect. 
Nonetheless, without attaching the program to the school curriculum and establishing partnerships with 
key Ministries maintenance of the program at large scale will be seriously compromised. Evidently, 
such programs cannot depend on the voluntary work of teachers and schools. 
6.2.3 ACTIVITAL scaling-up 
We already know that ACTIVITAL improved several outcomes, it did not lead to harmful effects and 
was highly accepted by the involved audiences. When scaling up, no implementation in other urban 
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schools would hence be unethical (218). Based on the analysis of the internal and external validity of 
the ACTIVITAL trial, the following approach should be performed in order to implement the program 
at national level. 
As interventions are usually costly, possible disagreements between policy makers and researchers must 
be resolved before the development or implementation of new interventions and/or policies, instead the 
program should be designed and implemented by both the government and researchers. Education and 
activities to increase motivation of policy makers might be required though (218, 219). In that way, new 
evidence will be generated and guide the evaluation of policy implementation (218).  
To enable this, a parallel group RCT can be implemented across the different Ecuadorian regions. This 
would allow a proper implementation and evaluation of the program effectiveness within a new running 
policy. The new program must be streamlined in the school curriculum. Available data suggests that a 
higher effect was accomplished during the first stage when the ACTIVITAL staff was more involved in 
the implementation process. In order to clarify if the higher involvement of the research staff is a cause 
of the larger effect, a group of schools would be allocated to one treatment group not receiving any 
support from the research staff rather than training and explanation of the planned activities. Meanwhile, 
a second treatment group would obtain continuous involvement of the research staff (like in 
ACTIVITAL at stage one). At the same time, a cost-effectiveness study and an extensive PE to assess 
the degree of application and acceptance of the proposed strategies by the target audiences should be 
performed. Only in that way, following issues will be addressed: (i) is the program effective under real 
and “uncontrolled” conditions? (ii) Is it cost-effective to allocate the budget at the national level? Lastly, 
(iii) Do differences in regions interfere with the program effectiveness? In addition monitoring of the 
participants involved in programs and policies must be sustained in order to determine the contribution 
of the interventions to the incidence of related diseases (214). 
6.3 Policy implications and the broader policy context  
The findings of this research are analyzed in relation with the existing policies since ACTIVITAL was 
designed and implement.  
6.3.1 Government strategies aiming adolescents NCDs risk 
As described in Chapter 1, the main focus of the Ecuadorian Ministry of Public Health was previously 
on children undernutrition. The development of policies aiming to prevent NCDs in children and 
adolescents has barely started. The results presented in the current work, show how Ecuadorian 
adolescents are consuming an unhealthy diet, suffering the burden of CVD risk factors and being 
exposed to unhealthy food at home, at schools and outside the schools. Policies targeting this at risk 
group should be designed and implemented at the national level.  
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Currently, the strategy with food-tuck shops is the only national policy aiming the determinants of NCDs 
risk factors among children and adolescents. Common to many programs implemented in LMICs and 
South America (48), rigorous research to evaluate the effectiveness and implementation process of this 
program is unavailable (170). This hampers the possibility to: (i) understand the key stakeholders points 
of view and degree of involvement in the design and implementation of such programs (ii) perform an 
effect evaluation, and, (iii) identify the barriers, strengths and weaknesses in the whole implementation 
process. Data on the effect and the implementation process of the policy would allow the identification 
of most effective and relevant strategies for the target population, enabling the allocation of the public 
budgets to the most effective strategies. Furthermore, implementing the nutritional guidelines alone is 
probably not to the most effective. Instead, comprehensive policies combined with wider stakeholder 
and family involvement are more likely to be effective than isolated policies (220). Highlighting the 
importance to integrate such strategies with more comprehensive health promotion programs like 
ACTIVITAL. 
6.3.2 Government strategies addressing NCDs risk in the general population 
After ACTIVITAL was implemented, the Ecuadorian government started actions to tackle obesity and 
NCDs among the general population. New data are currently available, new strategies were executed 
and other are in process. ACTIVITAL already showed that designing public health programs result in 
important effects and enable the identification of the influential factors related with NCDs risk in 
adolescents.   
6.3.2.1 Front traffic light labeling 
On November 15th 2013 the Ministry of Public Health issued a national law to implement a front traffic 
lights food label system since November 29th 2014 (221). This system applies for all the pre-packaged 
processed food items containing artificially added fat, sugar or salt produced nationally or internationally 
and sold in Ecuador. In summary, the front labels classify processed food in low medium or high content 
of total fat, sugars and salt as described in Table 23. Advertisements are also regulated. The promotion 
of unsubstantiated health claims and use of images of health professionals, children, adolescents or 
celebrities in products with amber or red label are forbidden. Previous studies have already described 
how the application of a front traffic light system increases the understanding and interpretation of the 
nutritional quality of selected food items (222). Still, studies show that even though the population is 
able to recognize easily the nutritional quality of the food, they persist in old purchasing habits (222). 
Research performed in HICs also demonstrates that combining this national strategies with 
improvements in knowledge constitute cost-effective strategies against NCDs (223). This underlines the 
importance to combine these policies with the ACTIVITAL strategies in order to achieve better effects 
as the school program implemented alone was already effective in decreasing processed food intake 
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during snacks. Furthermore, the message to reduce fat intake should come together with health education 
about the increased consumption of other healthy foods (11). 
6.3.2.2  “Junk food” taxation 
The government has proposed taxation on “junk food” (224). Available data, mainly from HICs, 
demonstrates that fast food taxation can be especially beneficial for children and adolescents (225). Our 
school intervention succeeded in decreasing processed food intake (including fast food) during snacks. 
The revenues of these taxes can be used to implement our program in a large scale as described in 
previous paragraphs. Hence, combining our strategies with fast food taxation may result in important 
benefices among the adolescents population (223, 225). As mentioned before, new policies should be 
issued based on a deeper understanding of the different stakeholders points of view, and its effectiveness 
should be proved before investing the budgets in a large scale. Our findings indicate how implementing 
the “junk food” taxation can be challenging, as there is a large range of street vendors and small family 
restaurants and cafeterias offering fast food (Chapter 5).  
Table 23 Total fat, sugar and salt classification defined by the Ecuadorian Ministry of Public Health for food labels 






Total fat ≤3g/100g >3g and <20g /100g ≥20g/100g 
≤1.5g/100mL >1.5g and <10g/100mL ≥10g/100mL 
Sugar ≤5g/100g >5g and <15g /100g ≥15g/100g 
≤2.5g/100mL >2.5g and <7.5g/100mL ≥7.5g/100mL 
Salt ≤0.3g/100g >0.3g and <1.5g/100g ≥1.5g/100g 
≤0.3/100mL >0.3g and <1.5g/100mL ≥1.5g/100mL 
Source: “Reglamento sanitaria de etiquetado de alimentos procesados para el consumo humano”. Ministerio de Salud Pública 
del Ecuador 
6.4 Methodological implications 
6.4.1 Methodology of the ACTIVITAL intervention  
Previous analysis have highlighted the deficiencies with regard to a clear documentation of the 
recruitment procedures of both individuals and clusters, a detailed description of the implementation 
and the application of appropriate analysis of complex cluster RCTs (210, 214). These methodological 
shortcomings are predominant in research from LMICs (45). This research shows that an intervention 
designed using a systematic approach, addressing several risk factors and applying relatively simple 
strategies can be effective among adolescents living in an upper-middle-income country. Furthermore, 
such effect was maintained after 28 months of implementation. These results emphasized the importance 
of design and implement similar programs in other LMICs. 
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6.4.2 The CPPE in the design of the intervention 
The intervention presented in this thesis is innovative in applying the IM together with the CPPE for 
developing the intervention objectives and strategies. The experience shows how the CPPE is a useful 
tool for the identification of feasible, relevant and appropriate objectives and strategies. For example, 
during the needs assessment, changing the school polices were identified as important strategies, but 
after the CPPE workshops the research team decided not to target school policies as they are established 
at national level by the Ministry of Health. This procedure allowed the definition of appropriate 
strategies by using available resources and identifying possible barriers. Nonetheless, it is not possible 
to conclude if the inclusion of the CPPE has a real impact in the intervention effect. Specific research 
would be needed to compare the effects of interventions with and without the application of the CPPE. 
6.4.3 Understanding the effect 
Beyond the objectives of this thesis, the data presented does not consider the mechanisms throughout 
the effect was accomplished. Future analysis will be performed to identify these underlying effective or 
ineffective mechanisms. With this propose, data on the healthy eating and physical activity influential 
factors used to design the intervention (Chapter 1) (76) were collected at baseline as well as at the two 
follow-up periods. A mediation analysis of these data will provide important evidence for future 
interventions in LMICs as well as for policy makers. Specifically, this data will enable the identification 
of the effective and ineffective ACTIVITAL intervention components for scaling-up or designing future 
intervention programs in similar settings. The last is another strength of the ACTIVITAL trial as such 
evidence from LMICs is currently limited (176).  
The available data suggests that the differences by socio-economic status are not really influencing the 
risk factors, its determinants or the intervention effect as: differences in metabolic risk factors and 
dietary intake by UBN were small, differences in the determinants by socio-economic status were few 
and the intervention effect was independent of the UBN of the participants. Nonetheless, the mediation 
analysis will also provide more information in this regard. For example, such analysis of the level of 
satisfaction by UBN, age groups or BMI categories will help to understand the mechanisms of the 
existence or inexistence of a differential effect and again will provide important information for policy 
makers and future school-based health promotion interventions. 
6.4.4 Problems encountered that should be considered in future research 
Ecuador is a biodiverse country with 13 ethnic groups highly different in language, believes and customs 
(226). During the needs assessment (Chapter 1) a kichwa group from Shiña-Nabón was included in the 
sample (227). The researchers faced difficulties with this community as they did not speak the language 
and were not familiar with these communities. Previous research performed with Australian indigenous 
have reported similar barriers such as questioning the benefits of research, and showing cautions to 
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western researchers (228). Before setting surveys or health promotion research programs in rural areas 
with wide indigenous populations, important stakeholders of the community must be included in the 
research team, this will minimize sources of bias and would enhance a better understanding of the 
determinants of health as well as would decrease burden (228). 
During ACTIVITAL, several measurements were performed along three consecutive school years. 
Some of the data collection tools such as the 24-hour recall and the physical fitness measurements were 
time consuming and constitute one of the reasons because several schools considered stopping the 
program at the end of the first stage. To avoid this, future research should validate and apply other 
methods such as a food frequency questionnaire or reduce the number of outcomes.  
When time series data is collected in schools, the percentage of students changing or abandoning the 
schools reported in this research should be considered for sample size calculations. This will assure the 
maintenance of a representative sample size enhancing more powerful results. Besides, when waist 
circumference is included within the outcomes for similar health promotion programs, the age of the 
participants as well as the weight status should be considered for sample size calculations. 
During the implementation of the health promotion program, the research team experienced some 
problems in attaching strictly to an intervention plan. The research staff had to adapt the activities to the 
availability and willingness of the school staff. Still, even if the staff was motivated and interested, they 
often forgot about the planned activities. These situations should be considered in future programs 
implemented among LMICs 
6.5 Future research 
The ACTIVITAL program provides new evidence for the development and implementation of health 
promotion programs aiming at NCDs risk among adolescents from LMICs. Nevertheless, some 
limitations should be addressed in future research. In addition to some research already proposed in 
previous paragraphs, the following studies are proposed: 
  Future studies should address the CVD risk among adolescents in the rural areas. Reasons for 
the larger dyslipidemia prevalence must be investigated. Furthermore, strategies to prevent 
NCDs burden in the rural population are needed. A deeper understanding of the determinants 
and the magnitude and repercussions of the financial concerns expressed during the needs 
assessment are mandatory to enable the design of culturally appropriate and effective 
intervention programs. 
 
  The sodium intake reported in the needs assessment was considerably high. Future studies 
should investigate the actual sodium intake applying more accurate methods (137). Considering 
that high sodium intake has been largely correlated with hypertension (121), high blood pressure 
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is one of the major CVD risk factors worldwide (11) and hypertensive diseases are within the 
five leading causes of death in the Ecuadorian population (38). Preventive strategies aiming to 
reduce sodium intake must be designed and implemented. 
 
  An updated and complete food composition Ecuadorian table is needed. This will allow an 
accurate assessment of the population dietary intake. The database should include sufficient data 
on fiber, sodium, added sugar and saturated fat as such data is often unavailable in food 
composition tables from the neighboring countries as well. Lack of this data is an important 
barrier to identify risk behaviors and populations at risk for NCDs (48, 151). 
 
  Furthermore, Ecuador is one of the countries with higher biodiversity worldwide (128). Our 
findings shows that white rice is the main carbohydrate source providing in itself 25% of the 
daily energy.  Only few other food items contributed significantly to the daily energy intake. 
Identification and analysis of the nutritional content of the available edible species should be 
performed (229). This information will enable a greater use of the local diversity enhancing 
more balanced and diverse diets (229) and can be used for the development of more sustainable 
dietary diversity interventions (229). 
 
  Oilseeds were also scarcely consumed by our group of Ecuadorian adolescents. Prospective data 
suggest that the risk of coronary heart disease death is 8.3% lower per each 30g of nuts 
consumed weekly (130). Future studies should determine the possibility to increase the 
production and promotion of the intake of locally produced and underused oilseeds products 
such as “zambo” seeds.  
 
  A wider stakeholder analysis including all the stakeholders related with the health problem at 
national level will help to identify more effective and acceptable policies to tackle the burden 
of NCDs in the whole Ecuadorian adolescent population. Such analysis will account for the 
views of the different key persons related with NCDs and will enable the identification of 
feasible, acceptable and relevant strategies and policies. 
 
  Country differences can affect the program generalizability (230). Future interventions 
performed among adolescents living in LMICs should design and implement evidence and 
theory based intervention programs in order to determine differences across neighboring 
countries. 
 
  Future studies should involve other important age groups such as younger children  
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6.6 Final conclusions 
ACTIVITAL was effective in improving several risk factors conductive to NCDs, and provides new and 
important evidence for LMICs. But certainly, this is not the only strategy to resolve the increasing NCD 
burden in the research area. As described previously, school based interventions are not the only route 
through which NCDs risk factors should be tackled (43). Although some improvements have occurred 
in the recent years at the national level (231, 232), more actions targeting the Ecuadorian adolescents’ 
population are needed. Such actions should be multidisciplinary, comprehensive and designed using the 
best possible evidence and implemented hand in hand with researchers and policy makers. In that way, 
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Appendix 3 Matrix. Theoretical methods and related intervention strategies 
Factors Theoretical methods Intervention strategies 
Adolescents 
Knowledge/Awareness Active learning (IMB model) The ACTIVITAL toolkit: providing information, facts about a healthy breakfast through an interactive 
session (games, visual exercises, etc.) 
Using imagery (theories of information processing) Images are used as analogy to create awareness on health benefits or risks 
Goal setting (CT) Current habits are discussed (quiz) and new goals are set 
Rehearsal Throughout the intervention, knowledge is repeated and evaluated 
Self-evaluation (TTM) 
Prompt barrier identification (SCogT) 
They identify barriers, get feedback (group discussion) which is followed by problem-solving and 
teaching them skills (breakfast event/athletes sharing their experiences) on how to overcome these 
Attitudinal beliefs Self-evaluation (TTM) 
Prompt barrier identification (SCogT) 
They identify barriers, get feedback (group discussion) which is followed by problem-solving and 
teaching them skills (breakfast event/athletes sharing their experiences) on how to overcome these 
Persuasive communication Guided towards adoption of a positive attitude towards a healthy breakfast 
Modelling (SCogT) Famous young athletes share their experiences on breakfast, attention, remembrance and show them 
how they can improve 
Skills/Self-control Guided practice (SCogT) A session in which a “real life game” is played in which they get money to buy a healthy breakfast and 
evaluate what they bought for a limited amount of money 
Planning coping responses Providing them with alternatives in case they are confronted with limitations 
Active learning (IMB) 
Direct experience 
Events, workshops in which they prepare a healthy breakfast and share experiences and receive 
practical tips 
Subjective norm Shifting the focus (TPB) 
Information about other’s approval (TPB) 
Focusing on e.g. better performance at school, a healthy skin, rather than on healthy weight, etc.  
Modelling 
Prompt identification as role models (SCogT) 
Famous athletes share their experience, and increase acceptance of eating a healthy breakfast. 
Workshops  





Factors Theoretical methods Intervention strategies 
Parents 
Knowledge/Awareness Active learning (IMB model) Workshops providing information, facts about a healthy breakfast through an interactive session  
Using imagery (theories of information processing) Images are used as analogy to create awareness on health benefits or risks 
Goal setting (CT) Current habits are discussed (quiz) and new goals are set 
Attitude Self-evaluation (TTM) 
Prompt barrier identification (SCogT) 
They identify barriers, get feedback (group discussion) which is followed by problem-solving and 
skills training on how to overcome these (breakfast recipes) 
Prompt identification as role models (SCogT) Their exemplary role for their children is discussed in an interactive session  
Persuasive communication Guided towards adoption of a positive attitude towards a healthy breakfast 
Skills/Self-control Planning coping responses Providing them with alternatives in case they are confronted with limitations 
Active learning (IMB) 
Direct experience (Theories of learning) 
Workshops in which they receive breakfast recipes for different budgets, share experiences and receive 
practical tips 
School staff 
Knowledge/Awareness Active learning (IMB model) The ACTIVITAL toolkit: providing information, facts about a healthy breakfast through an interactive 
session (games, visual exercises, etc.). Each chapter provides details on how to deliver sessions within 
the toolkit. 
Using imagery (theories of information processing) Images are used as analogy to create awareness on health benefits or risks 
Attitude Prompt identification as role models (SCogT) They are encouraged to be an exemplary role for the adolescents throughout the ACTIVITAL toolkit, 
use of leaflets, and informal meetings 
Persuasive communication Guided towards adoption of a positive attitude towards a healthy breakfast 
Skills/Self-control Guided practice (SCogT) A session in which a “real life game” is played in which they get money to buy a healthy breakfast and 
evaluate what they bought for a limited amount of money. The teacher first models the good behavior 
and then the adolescents are asked to play the game themselves.  




Factors Theoretical methods Intervention strategies 
Outcome expectations Enactive mastery experience (SCogT) Participatory development and problem-solving: including recommendations in the toolkit, technical 
assistance in problems in implementing the toolkit, generating solutions, and obtaining feedback after 
implementation 
 Persuasive communication Benefits of protecting children from diseases by having a healthy breakfast 
Food-tuck shops 
Knowledge/Awareness Active learning (IMB model) Workshops providing information, facts about a healthy breakfast, food safety issues, planning healthy 
breakfasts through interactive session  
 Using imagery (theories of information processing) Images are used as analogy to create awareness on health benefits or risks 
 Goal setting (CT) Current practices are discussed (quiz) and new goals are set 
Skills/Self-control Planning coping responses Providing them with alternatives in case they are confronted with limitations 
 Active learning (IMB) 
Direct experience (Theories of learning) 
Workshops in which they receive breakfast recipes for different budgets, share experiences and receive 
practical tips 
Attitude Self-evaluation (TTM) 
Prompt barrier identification (SCogT) 
They identify barriers, get feedback (group discussion) which is followed by problem-solving and 
teaching them skills on how to overcome these 
 Persuasive communication Guided towards adoption of a positive attitude towards a healthy breakfast 
 Direct experience (Theories of learning) Sharing experiences  
Outcome expectations Structural redesign (organizational development theory) Trainings with manager or employees of tuck shops on providing healthy breakfasts 
 Guided practice (SCogT) Tuck shops with positive experiences on healthy recipes shared these with the other tuck shops 
 Enactive mastery experience (SCogT) Participatory problem-solving: including technical assistance in diagnosing problem, generating 
solutions, developing priorities, making action plan, obtaining feedback after implementation 




Appendix 4 Unsatisfied basic needs questionnaire 
NECESIDADES BÁSICAS: todas estas preguntas deberán responderse en función del alumno a quien usted 
representa. 
 1. La casa en la que vive es:    
1 Propia        
2 Arrendada       
3 Prestada      
4 Otros 
2. .El material de las paredes de la casa es: 
1 Ladrillo, Bloque o similares        
2 Adobe o bareque       
3 Material Mixto  
4 Otros _______________________ 
3. La vivienda tiene: 
1 Servicio higiénico 
2 Letrina   
3 Pozo séptico     
4 Otros______________ 
4. ¿Cuántas personas duermen en el cuarto en el cual duerme su representado/a? ______________ 
5. ¿La casa tiene electricidad? 
1 Si 
2 No 
ID:    









Fecha de hoy: 
 
_____ /________________________/200__ 
(Día -    Mes en letras -  Año 
Género 1 Masculino 
2 Femenino      
 
Fechas de 




(Día -    Mes en letras -  Año 
Teléfono  



















hablan en su casa? 
1 Español ¿Quién 
cuida a su 
repre-
sentado/a? 
1 Los padres     4 Los abuelos 
2 Quichua 2 La madre       5 Otros 
3 Otro ___ 
_______ 
3 El padre 
¿Cuántos 
hermanos y 
hermanas tiene su 
representado/a? 
1 Hermanos   




6. ¿El agua de la casa viene de: 
1 Red de agua potable 
2 Entubada 
3 Río vertiente, lluvia, fuera de la vivienda     
4 Otros_______________ 
7. La última vez que una mujer dio a luz en la familia, el parto fue atendido por: 
1 Profesional de salud: medico, obstetriz, enfermera. 
2 Comadrona, familiar, otra persona no profesional de salud 
8. ¿En que trabajan los miembros de la familia? 
1 Padre  
2 Madre  
3 1er hijo/a  
4 2do hijo/a  
5 3er hijo/a  
6 Otros_______  
7 ____________  
8 ____________  
9 ____________  
10 ____________  
11 ____________  
9. Años de estudio de los miembros de la familia. 
1 Padre  
2 Madre  
3 1er hijo/a  
4 2do hijo/a  
5 3er hijo/a  
7 Otros_______  
8 __________  
9 __________  
10 __________  
11 __________  
 
10. ¿Estuvo enfermo algún miembro de la familia los últimos 3 días? Señalar con una x en el casillero a la 
izquierda de la persona correspondiente, y responder si esta persona ha recibido atención médica o no en 
los casilleros de la derecha  
 
 Atención médica 
SI NO 
1 Padre   
2 Madre   
3 1er hijo/a   
4 2do hijo/a   
5 3er hijo/a   
6 Ninguno   
7 Otros_______   
8 ____________   
9 ____________   









12. ¿El hogar tiene alguno de los siguientes bienes?  ¿En el caso de que lo tenga adquirió éste  bien nuevo o 
de segunda mano? 
BIEN SI NO Nuevo Segunda  
mano 
Bicicleta?     
Carro?     
Cocina?     
Computadora?     
Equipo de sonido?     
Lavadora de platos?     
Lavadora de ropa?     
Línea telefónica?     
Motocicleta?     
Radio grabadora     
Refrigerador?     
 
Televisión a color? 
Cable     
Satelital     
Plasma      
LCD     




14. ¿Cuánto tiempo ha vivido aquí? Si la respuesta es siempre pasar a la pregunta 17 
1 Siempre 
2 ______  años 
 
15.  ¿Dónde vivió antes de vivir aquí?  
1 Fuera de la ciudad 
2 Fuera del país 
 
16. Cuál es la razón principal por la que la familia se vino a vivir a éste lugar? 
1 Trabajo     5 Salud o enfermedad 
2 Compró o les dieron una casa/terreno               6 Para mejorar los ingresos 
3 Seguridad familiar                 7 Estudio 
4 Matrimonio                  8 Otros__________________ (especificar) 
       








19. ¿Si la respuesta es afirmativa, cuánto dinero le envían en un día normal de clases? 
_____________________  
1 Terrenos? (Excluye uso agropecuario) 
2 Casas departamentos 




Appendix 5 CONSORT 2010 checklist of information to include when reporting a cluster randomized trial 
Section/Topic Item 
No 
Standard Checklist item Extension for cluster designs Page 
No. 
Title and abstract 
 1a Identification as a 
randomized trial in the title 
Identification as a cluster 
randomized trial in the title 
45 
1b Structured summary of trial 
design, methods, results, and 
conclusions (for specific 






2a Scientific background and 
explanation of rationale 
Rationale for using a cluster 
design 
48 
2b Specific objectives or 
hypotheses 
Whether objectives pertain to 
the cluster level, the 




Trial design 3a Description of trial design 
(such as parallel, factorial) 
including allocation ratio 
Definition of cluster and 
description of how the design 
features apply to the clusters 
48-49 
3b Important changes to methods 
after trial commencement 
(such as eligibility criteria), 
with reasons 
  
Participants 4a Eligibility criteria for 
participants 
Eligibility criteria for clusters  48-49 
4b Settings and locations where 
the data were collected 
 7-8 
Interventions 5 The interventions for each 
group with sufficient details 
to allow replication, including 
how and when they were 
actually administered 
Whether interventions pertain 
to the cluster level, the 
individual participant level or 
both 
50-52 
Outcomes 6a Completely defined pre-
specified primary and 
secondary outcome measures, 
including how and when they 
were assessed 
Whether outcome measures 
pertain to the cluster level, the 
individual participant level or 
both 
54-55 
6b Any changes to trial 
outcomes after the trial 
commenced, with reasons 
  
Sample size 7a How sample size was 
determined 
Method of calculation, 
number of clusters(s) (and 
whether equal or unequal 
cluster sizes are assumed), 
cluster size, a coefficient of 
intracluster correlation (ICC 
or k), and an indication of its 
uncertainty 
49 
7b When applicable, explanation 
of any interim analyzes and 
stopping guidelines 
  
Randomization:     
 Sequence 
generation 
8a Method used to generate the 







Standard Checklist item Extension for cluster designs Page 
No. 
8b Type of randomization; 
details of any restriction (such 
as blocking and block size) 
Details of stratification or 





9 Mechanism used to 
implement the random 
allocation sequence (such as 
sequentially numbered 
containers), describing any 
steps taken to conceal the 
sequence until interventions 
were assigned 
Specification that allocation 
was based on clusters rather 
than individuals and whether 
allocation concealment (if 
any) was at the cluster level, 





10 Who generated the random 
allocation sequence, who 
enrolled participants, and who 
assigned participants to 
interventions 
Replace by 10a, 10b and 10c  
 10a  Who generated the random 
allocation sequence, who 
enrolled clusters, and who 




 10b  Mechanism by which 
individual participants were 
included in clusters for the 




 10c  From whom consent was 
sought (representatives of the 
cluster, or individual cluster 
members, or both), and 
whether consent was sought 
before or after randomization 
 
49 
Blinding 11a If done, who was blinded 
after assignment to 
interventions (for example, 
participants, care providers, 
those assessing outcomes) 
and how 
  
11b If relevant, description of the 
similarity of interventions 
  
Statistical methods 12a Statistical methods used to 
compare groups for primary 
and secondary outcomes 
How clustering was taken into 
account 
49,57 
12b Methods for additional 
analyzes, such as subgroup 





Participant flow (a 
diagram is strongly 
recommended) 
13a For each group, the numbers 
of participants who were 
randomly assigned, received 
intended treatment, and were 
analyzed for the primary 
outcome 
For each group, the numbers 
of clusters that were randomly 
assigned, received intended 
treatment, and were analyzed 







Standard Checklist item Extension for cluster designs Page 
No. 
13b For each group, losses and 
exclusions after 
randomization, together with 
reasons 
For each group, losses and 
exclusions for both clusters 
and individual cluster 
members 
55 
Recruitment 14a Dates defining the periods of 
recruitment and follow-up 
 53 
14b Why the trial ended or was 
stopped 
  
Baseline data 15 A table showing baseline 
demographic and clinical 
characteristics for each group 
Baseline characteristics for the 
individual and cluster levels 
as applicable for each group 
58-61 
Numbers analyzed 16 For each group, number of 
participants (denominator) 
included in each analysis and 
whether the analysis was by 
original assigned groups 
For each group, number of 





17a For each primary and 
secondary outcome, results 
for each group, and the 
estimated effect size and its 
precision (such as 95% 
confidence interval) 
Results at the individual or 
cluster level as applicable and 
a coefficient of intracluster 
correlation (ICC or k) for each 
primary outcome 
62 
17b For binary outcomes, 
presentation of both absolute 
and relative effect sizes is 
recommended 
  
Ancillary analyzes 18 Results of any other analyzes 
performed, including 






Harms 19 All important harms or 
unintended effects in each 
group (for specific guidance 




Limitations 20 Trial limitations, addressing 
sources of potential bias, 
imprecision, and, if relevant, 
multiplicity of analyzes 
 64, 
74 
Generalizability 21 Generalizability (external 
validity, applicability) of the 
trial findings 
Generalizability to clusters 




Interpretation 22 Interpretation consistent with 
results, balancing benefits and 
harms, and considering other 
relevant evidence 
 63-64 
Other information   
Registration 23 Registration number and 
name of trial registry 
 16 
Protocol 24 Where the full trial protocol 
can be accessed, if available 
  
Funding 25 Sources of funding and other 
support (such as supply of 




































































































Appendix 7 Intervention effect adjusted for BMI z-score 
Primary outcomes 
 Effect after 28 months1 Effect after stage 1 (17 months)2 Effect after stage 2 (11 months)2 
n Diff3 95% CI P4 Diff  95% CI P Diff  95% CI P 
Fruit and vegetables (g/day) 1075 23.3 ( 6.69; 39.9) 0.006 28.5 ( 9.60; 47.3) 0.003 -13.1 (-36.9; 10.7) 0.279 
Added sugar (g/day) 1075 -5.71 (-9.72;-1.74) 0.005 -2.55 (-6.80; 1.67) 0.235 -4.26 (-8.72; 0.22) 0.062 
Fat (E%/day) 1075 -0.48 (-1.20; 0.28) 0.225 -0.60 (-1.39; 0.22) 0.157 0.15 (-0.77; 1.08) 0.747 
Sodium (g/day) 1075 0.01 (-0.08; 0.11) 0.849 0.03 (-0.07; 0.15) 0.492 -0.03 (-0.17; 0.09) 0.594 
Processed food at snacks (g/day) 1075 -23.9 (-45.8;-1.96) 0.033 -9.71 (-32.5; 13.1) 0.403 -18.9 (-45.3; 7.57) 0.162 
Processed food consumers at school (PD5) 1075 -0.03 (-0.08; 0.06) 0.466 -0.15 (-0.22;-0.09) <0.001 0.11 ( 0.03; 0.20) 0.004 
Breakfast intake (PD) 1075 -0.03 (-0.06; 0.03) 0.345 0.03 ( 0.01; 0.09) 0.104 -0.08 (-0.13;-0.02) 0.008 
Secondary outcomes           
Waist circumference (cm) 1075 -0.98 (-1.57;-0.42) 0.001 -1.60 (-2.21;-1.00) <0.001 0.36 (-0.28; 1.00) 0.262 
Systolic blood pressure (mmHg) 1075 -3.70 (-4.79;-2.60) <0.001 -0.41 (-1.56; 0.75) 0.486 -3.97 (-5.20;-2.73) <0.001 
Diastolic blood pressure (mmHg) 1075 -1.90 (-2.97;-0.87) <0.001 0.41 (-0.71; 1.53) 0.471 -2.92 (-4.11;-1.72) <0.001 
1 Results obtained from linear mixed models accounting for the effects of clustering by individual and school. The models were adjusted for sex, unsatisfied basic needs and 
differences at baseline (excluding the treatment group main effect) (162). 2 Results obtained from regression spline mixed effects models accounting for the effects of 
clustering by individual and school.  One knot was defined at the mean time of the first follow up data collection (17 months). These models were also adjusted for sex, UBN 




Appendix 8 Analysis of missing values of outcomes with P<0.1 after 28 months of intervention 
Primary outcomes n Diff 95% CI P value 
Fruit and vegetables (g/day) 1379 20.0 [ 2.24; 37.2] 0.026 
Added sugar (g/day) 1379 6.71 [ 0.97; 12.5] 0.022 
Processed food at snacks (g/day) 1379 -18.3 [-39.5; 2.94] 0.092 
Secondary outcomes     
Waist circumference (cm) 1224 -1.01 [-1.64;-0.39] 0.001 
Systolic blood pressure (mmHg) 1227 -3.31 [-4.36;-2.26] <0.001 
Diastolic blood pressure (mmHg) 1227 -1.77 [-2.77;-0.77] 0.001 








Appendix 9 Baseline characteristics per subgroups by treatment group of primary outcomes with a significant intervention 
effect after 28 months 
Outcomes Subgroups 
Intervention Control  




Poor 212 197.6 (109.2;321.0) 213 187.7 (101.4;288.4) 0.732 
Better-off 448 211.1 (124.9;340.7) 442 195.0 (105.4;321.2) 0.158 
Underweight 45 211.5 (150.3;347.0) 33 330.3 (195.5;443.3) 0.053 
Healthy weight 492 202.3 (120.0;333.2) 513 183.8 (101.9;292.8) 0.110 
Overweight-obese 139 211.7 (113.3;337.8) 134 188.5 (106.5;292.4) 0.342 
Younger 336 211.8 (128.5;328.2) 316 185.3 (102.0;290.8) 0.599 
Older 352 194.8 (113.9;338.2) 369 197.5 (105.4;317.9) 0.176 
Added sugar 
(g/day) 
Poor 212 63.7 (43.6;86.1) 213 62.5 (46.6;87.2) 0.673 
Better-off 448 70.5 (50.2;94.1) 442 69.8 (50.9;92.9) 0.449 
Underweight 45 81.3 (56.0;101.5) 33 72.5 (56.8;103.1) 0.600 
Healthy weight 492 68.8 (48.9;93.6) 513 68.9 (48.0;91.5) 0.601 
Overweight-obese 139 64.3 (43.5;83.0) 134 66.7 (52.2;89.4) 0.239 
Younger 336 70.2 (49.8;93.9) 316 68.7 (48.8;92.0) 0.260 





Poor 212 84.90 (7.50;222.3) 213 87.5 (38.5;218.5) 0.905 
Better-off 448 101.4 (32.9;216.5) 442 98.5 (40.5;265.0) 0.422 
Underweight 45 150.0 (60.0;293.5) 33 73.0 (18.0;204.0) 0.024 
Healthy weight 492 94.3 (23.5;220.9) 513 95.0 (40.7;256.3) 0.353 
Overweight-obese 139 78.0 (4.40;204.5) 134 124.5 (45.0;270.6) 0.587 
Younger 336 97.8 (31.5;226.8) 316 92.4 (42.0;239.5) 0.186 
Older 352 91.0 (23.5;205.1) 369 100.0 (38.5;270.6) 0.678 




Appendix 10 Baseline characteristics per subgroups by treatment group of secondary outcomes with a significant intervention 








Poor 210 67.9±8.1 215 67.5±7.8 0.404 
Better-off 455 69.4±9.4 439 68.7±8.2 0.291 
Underweight 45 59.5±3.4 34 59.8±4.8 0.811 
Healthy weight 496 66.2±5.6 518 66.1±5.5 0.839 
Overweight-obese 142 81.2±7.9 135 79.0±7.9 0.001 
Younger 335 68.6±9.2 314 67.6±8.3 0.207 




Poor 212 101.7±9.3 214 100.6±9.9 0.303 
Better-off 453 100.7±9.4 442 101.6±8.9 0.418 
Underweight 45 95.8±7.4 33 97.8±10.1 0.317 
Healthy weight 494 100.3±9.2 517 100.3±9.1 0.881 
Overweight-obese 140 105.3±8.7 135 104.7±9.0 0.482 
Younger 338 100.1±9.2 318 100.1±8.9 0.840 




Poor 212 61.8±8.2 214 61.5±9.7 0.823 
Better-off 453 62.2±8.8 442 62.7±8.7 0.848 
Underweight 45 59.2±7.8 33 64.2±9.7 0.016 
Healthy weight 494 61.6±8.3 517 62.0±8.9 0.785 
Overweight-obese 140 65.0±9.1 135 62.7±9.1 0.028 
Younger 338 61.3±8.5 318 61.7±8.7 0.658 
Older 354 63.0±8.5 372 62.7±9.2 0.767 




Appendix 11 Structured observations for the classes’ instrument. 
Clase No: Colegio: 
Fecha  
Curso  
Capítulo Nro.  
Nombre del profesor  
Actividades pendientes del capítulo de hoy  
Fecha de siguiente clase  
¿Se impartió la clase y por qué?  
¿Cuántos alumnos no tienen sus libros en la clase?   
¿Cuánto se impartió? (Dose delivered) 
Avance de la clase (número de página)  
Hora del inicio de la clase            ¿Cuánto tiempo 
duró la clase? 
 
Hora de finalización de la clase  
¿El profe revisó y corrigió si los alumnos hicieron sus 
deberes? 
 
¿El/la profesor/a utilizó  todos los materiales / juegos / 
métodos como se ha planificado en el libro? 
 




¿El profe hizo gastos adicionales? ¿Cuáles?  
¿Cuánto recibió? (Dose received) 
¿Los estudiantes mostraron interés, están atentos 
durante toda la clase? (% estimado) 
(Contestaron las preguntas que les hace el/la profesor/a) 
 
¿Participaron en los juegos/actividades? ¿Los estudiantes 
disfrutaron (explicación)? 
 
¿Los estudiantes tuvieron una actitud positiva a lo largo 
de la clase? (explicación) 
. 
¿El profe estaba motivado durante la clase?  
¿Tuvo que intervenir en la clase?  
¿Tuvo que dar la clase?  ¿Por qué? 
 
Alcance? (Reach) 
¿Cuántos alumnos hay en la clase?  




¿El conocimiento del profesor sobre el contenido de la 
clase fue suficiente? (cometió algún error?) 
¿Pudo contestar las preguntas? 
 
¿Fue adecuado el tiempo de la clase, faltó tiempo? Por 
qué?  
 
¿Estuvieron disponibles todos los materiales necesarios 
(libros, juegos, etc.)?  
 
¿Es clara la explicación del profesor? ¿El profesor hacía 
preguntas? 
 
¿Cuál fue la metodología del profesor?  
Ambiente de la clase (Environment)  
¿Existieron cambios en el ambiente físico del aula 
durante la clase?  
 
¿El/la profesor/a realizo clases adicionales de 
alimentación y actividad física? (ejemplo: en las clases de 
CCNN o en otras materias)   
 
 
Barreras y facilidades   
¿Qué problemas tuvieron durante la clase?   
¿Existieron situaciones que influyeron la atención de los 
estudiantes? Por ejemplo: ¿Hay muchas ventanas en el 
aula? ¿Hubo mucho ruido? ¿Entraba otro profe, 
inspector,…? 
 
¿Por qué el profe no dio la clase, cuáles son sus razones?  
¿Qué ha facilitado la clase? (ejemplo: libros en la clase, 
material disponible, la manejo de la disciplina…) 
 
¿Por qué los adolescentes no llevan los libros?  
¿Otras barreras y facilitadores?  
Material   
¿Errores que aparecen en el libro?   
¿Qué no se entendió del material? (confuso)  
Preguntas realizadas por los alumnos 
 
 






Appendix 12 Adolescents evaluation form 
Fecha de hoy: □□/□□/□□□□ (dd/mm/yyyy) ID: □□□□ 
Colegio:  
Curso:  
Nombres y Apellidos:  
Género: O  Masculino         O  Femenino 
Nombre de su profesor (quien dictó las 
clase de nutrición) 
 
 
1. Querido estudiante, en el siguiente cuestionario encontrará algunas de las actividades que se 
incluyeron durante la intervención que realizamos en su colegio. Por favor responda con un visto 
en el recuadro que corresponda a su respuesta. Le pedimos que escoja una sola respuesta por fila, 
si usted comete algún error al responder, por favor tache la respuesta incorrecta y coloque un visto 
en la respuesta correcta 
Actividades No me gustó 













          
Preparación de un 
refrigerio saludable en 
las clases   
          
Presentación de los 
deportistas 
          
Evento de Actividad 
Física  




          
Test “¿Qué tan sano 
me alimento?” 
          
Test “tomemos  un 
paseo” 
          
Juego Bingo           
Juego de Beneficios de 
Actividad Física 
          
Juego “Dinero, dinero, 
dinero” 
          
Disponibilidad de 
comida saludable 
          
Nuevas recetas 
saludables 
          
Menos comida no 
saludable 






2. ¿Cuáles de las siguientes clases fueron dadas en su curso? (puede marcar más de una opción) 
 
La pirámide alimenticia  si           no 
Actividad Física  si           no 
Sedentarismo  si           no 
Refrigerio Saludables  si           no 
Desayuno  si           no 
Dinero  si           no 
Propagandas de alimentos  si           no 
Almuerzos y meriendas  si           no  
 
3. ¿Entendió todo lo que el profesor explicaba en las clases? 
 
No, nunca Rara vez A veces 
La mayoría de las 
veces 
Sí, siempre 
          
 












          
 
5. ¿La información que recibió en las clases fue nueva? (es decir NO tenia conocimientos previos) 
 Sí, todo fue Nuevo 
 Parte de la información  fue nueva para mí, por ejemplo: 
……………………………………………………………………………………………………………………. 
 No, nada fue nuevo 
 
6. ¿Cómo calificaría las clases recibidas del 1 al 10? (encierre en un círculo su calificación) 
1 2 3 4 5 6 7 8 9 10 
 
 
7. ¿Existieron otras clases en su colegio relacionadas con nutrición y/o actividad física en su colegio?  
1. Si. La actividad consistió en lo siguiente (describir la actividad):  
…………………………………………………………………………………………………………………………………. 
2. No 
8. ¿Asistieron sus padres a los talleres? 
 Si, a todos 
 Si, a algunos 
 No, a ninguno 
 








Appendix 13  Parental workshops evaluation form. 
Fecha de hoy: □□/□□/□□□□ (dd/mm/yyyy) ID: □□□□ 
Colegio:  
Curso:  
Nombre completo del representante  
Nombres y Apellidos de su hijo  
Nombre del Taller: Etiquetas Nutricionales 
 
1. ¿Qué piensa usted sobre los contenidos del taller? (Por favor encierre en un círculo su respuesta)  
 
Mala Regular Buena Muy buena Excelent
e 
1 2 3 4 5 
 
2. ¿Cuál fue el tema más interesante en el taller para usted?  
 Partes de la etiqueta nutricional 
 reglas para elegir etiquetas saludables 
 Trucos publicitarios 




3. ¿Cuál fue el tema menos interesante en el taller para usted? 
 Partes de la etiqueta nutricional 
 reglas para elegir etiquetas saludables 
 Trucos publicitarios 




4. ¿Qué tan fácil es para usted aplicar la información del folleto? 
 
Muy difícil Difícil Ni difícil, 
ni fácil 
Fácil Muy fácil 




5. ¿Fue nueva la información que recibió en el taller? 
 Sí, todo fue completamente nuevo 
 Parte de la información fue nueva, por ejemplo:……………………….. 
 No 
 






7. ¿Qué piensa usted sobre la duración del taller?  





 Muy larga 
 
 
8. ¿Después de haber asistido a este taller ¿Consideraría en cambiar sus hábitos? 
 Si 
 No 
Si su respuesta es no ¿Por qué?................................................................... 
  
 
9. ¿Tiene una mejor idea de cómo interpretar las etiquetas nutricionales? 
 Si 
 No 
Si su respuesta es no ¿Por qué?................................................................... 
 
10. ¿Asistiría de nuevo al taller?  
 Sí, porque: 
o La información es práctica 
o Conocí a otros padres 
o Estuvo interesante 
o Otras razones ………………………………….. 
 No, porque:  
o No es interesante 
o No puedo usar la información 
o Era obligatorio 




11. ¿Recomendaría el taller a otros?  
 Sí 
 No 
Si su respuesta es no ¿Por qué?....................................................................... 
 
 
12. Evalúe usted el taller en una escala de 1 a 10 
 
1 2 3 4 5 6 7 8 9 10 
 
 












Appendix 14 Coding tree of the classes structured observations. 
Context 
¡What are the problems  
Booklet problems 
Indiscipline 
Lack of time-other activities 
Noise 
None 
Students don´t bring their booklets-materials 
teacher did not plan the class 
Dose delivered 
Did the teacher use all materials/games/methods as described in the book?  
Most of the materials 
Nothing 
Partially 
Yes, all the materials 
Dose received 
Was the teacher motivated throughout the class?  
More or less 
Not at all 
Not that much 
Yes a lot 
Did the students have a positive attitude throughout the class? (explanation)  
Most of them 
Not at all 
Not that much, Some yes but others no 
Yes 




The knowledge of the teacher about the topic of the class was sufficient? Did he/she make a 






More or less some deficiencies 
Was the explanation of the teacher clear? Did he/she asked questions to the students?  
More or less 
Not at all 
Yes very clear 
Was the foreseen time sufficient to give the class? Why not?  
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